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Fujitsu Limited 



Fujitsu Limited, headquartered near Toi^yo, Japan, is Japan's largest 
supplier of computers and ranks in the top ten companies operating in 
Japan. Fujitsu is also one of the world's largest suppliers of telecom- 
munications equipment and semiconductor devices. 

Established In 1935 as the Communications Division spinoff of Fuji 
Electric Company Limited, Fujitsu Limited, in 1985, celebrated 50 years 
of service to the world through the development and manufacture of 
state-of-the-art products in data processing, telecommunications and 
semiconductors. Fujitsu operates subsidiaries worldwide in two dozen 
countries and employs over 80,000 people to generate annual sales In 
excess of nine billion US dollars. (Year ended March 31, 1986 consoli- 
dated base.) 

Fujitsu has five plants in key industrial regions in Japan covering all 
steps of semiconductor production. Five wholly owned Japanese 
subsidiaries provide additional capacity for production of advanced 
semiconductor devices. Two additional facilities operate in the U.S. and 
Europe to help meet the growing worldwide demand for Fujitsu semicon- 
ductor products. In all, Fujitsu operations occupy over 1.6 million 
square meters of manufacturing space worldwide. 



Semiconductor Products 



In 1975, Fujitsu developed 8-bit microcomputers. In 1977, Fujitsu 
Introduced proprietary 4-bit microcomputers. Today, their 4-bit 
microcomputer family is the largest 4-bit product line In the world. With 
the development of the high performance 16-bit micropcocessors, 
Fujitsu offers a full line of microprocessors, microcomputers, and 
peripherals to provide designers with a total of 150 products, including 
90 products In CMOS families, 50 products in NMOS families and 10 
products in bipolar peripherals. 

In 1983, Fujitsu introduced the world's first CMOS single-chip Digital 
Signal Processor, the MB8764. Fujitsu's DSP provides telecommunica- 
tion designers with high-speed signal processing capabilities and at a 
cost-effective solution. 

Other Fujitsu industry standard products Include GaAs FETs, GaAs FET 
amplifiers. Si microwave transistors and light wave semiconductors. 
Discrete products include power-switching transistors and Darlington 
Array transistors. 

Fujitsu's custom product lines include application-specific gate arrays 
and standard-cell arrays using high-speed Bipolar and ECL technologies 
and advanced CMOS technologies. Gate arrays ranging in size from 
350 to 20,000 gates are available in up to 8,000 gate equivalents and 
include on-chip memory and program logic array. 

Virtually every major type of electronics equipment on the globe utilizes 
Fujitsu technotogy in integrated circuits. Fujitsu's leadership position in 
worldwide integrated circuit development and manufacturing assures 
equipment manufacturers that they will always be able to design with the 
latest in technology utilizing the highest standards of quality and 
reliability. 



Fujitsu Microelectronics, inc. 



Established in 1979, Fujitsu IVIIcroelectronics, Inc., Iieadquartered in 
Santa Clara, California, marl<ets Fujitsu semiconductors through 
representatives located throughout the U.S. and North America. 

The Component Division, Fujitsu Component of America, Inc., markets 
bubble memories, keyboards, plasma displays, relay switches and 
hybrid ICs. 

FMI's San Diego manufacturing facility provides capacity for manufactur- 
ing of many high-technology devices for the U.S. and North American 
market. 

Customer support for custom designs is available through Fujtsu's 
design centers in Santa Clara, Dallas and Boston. Technology Centers 
offering on-site customer training, CAE design facilities and design 
assistance are planned. 



Fujitsu Mikroelektronik GmbH (European Sales Center) 



Fujitsu Mikroelektronick GmbH (FMG) was established in June, 1980, In 
Frankfurt, West Germany, and is a totally owned subsidiary of Fujitsu 
Limited, Tokyo. FMG is the sole representative of the Fujitsu Electronic 
Device Group in Western Europe. The wide range of IC products, LSI 
memories and, in particular, gate arrays are noted throughout Western 
Europe for design excellence and unmatched reliability. Five branch 
offices to support Fujitsu's semiconductor operations are located in 
Munich, London, Paris, Stockholm, and Milan. 



Fujitsu Microelectronics Ireland, Ltd (European Production Center) 



Fujitsu Microelectronics Ireland, Ltd. (FME) was established in 1980 in 
the suburbs of Dublin as Fujitsu's European Production Center for 
integrated circuits. FME supplies 64K/256K DRAMs, 64K CMOS/NMOS 
EPROMs, 256K EPROMs, and other LSI memory products. 

Fujitsu Microelectronics, Ltd (European Design Center) 

Fujitsu Microelectronics, Ltd., Fujitsu's European VLSI Design Center, 
opened in October of 1983 in Manchester, England. The Design Center 
is equipped with a highly-sophisticated CAD system to ensure fast and 
reliable processing of input data. An experienced staff of engineers is 
available to assist in all phases of the design process. 

Fujitsu Microelectronics Pacific Asia Ltd. (Asian/Oceanian Sales Centre) 

Fujitsu Microelectronics Pacific Asia Ltd. (FMP) opened in August 1986 
in Hong Kong as a wholly-owned Fujitsu subsidiary for sales of elec- 
tronic devices to Asian and Southwest Pacific markets. 



Fujitsu MCU/MPU Development History 



August 1986 



Part No. 



Features 



History 



75 76 77 78 7^ 80 St 82 6:^ 84 U 86 67 



MB8840 SERIES 



4-bit NMOS MCU 



MB8850 SERIES 



4-bit CMOS MCU 



MB88400 SERIES 



4-blt High End 
NMOS MCU 



MB88500 SERIES 



4-bit Higii End 
CMOS MCU 



MB88700 SERIES 



New 4-blt MOS MCU 



MB89700 SERIES 



New 8-bit CMOS MCU 



MBL8049/39 



MBL8051/31 



MBL8086/8088 



MBL80186/188 



MBL80286 



8-bit NMOS MCU 

(Intel 8049/39 connpatible) 



8-bit NMOS MCU 

(Intel 8051/31 compatible) 



16-blt NMOS MPU 

(Intel 8086/88 compatible) 



16-blt NMOS MPU 

(Intel 80186/188 compatible) 



16-blt NMOS High End 
(Intel 80286 compatible) 




Production 



Quick Reference 



Microprocessors and Peripherals 
IVIicrocomputers and Periplierals 
Memory Controllers 

Peripheral Support Devices 

Local Area Network (LAN) Products 

Signal Processors and Peripherals 
ROM Code Development Procedure 
Quality Assurance and Reliability 
Ordering Information 



Table of Contents 



Section 1 



Microprocessors and Peripherals 



MBL80286 Microprocessor Family 



1-2 


MBL80286-8 


1-2 


MBL80286-6 


1-59 


MBL82284-8 


1-59 


MBL82284-6 


1-70 


MBL82288-8 


1-70 
luiDi ono 


MBL82288-6 


IvidLoOo 

1-90 


o/oOoo/oQioD 

MBL80186 


1-90 


MBL80186-6 


1-144 


MBL8086 


1-144 


MBL8086-2 


1-144 


MBL8086-1 


1-172 


MBL80188 


1-172 


MBL80188-6 


1-226 


MBL8088 


1-226 


MBL8088-2 


1-226 


MBL8088-1 


1-256 


MBL8089 


1-256 


MBL8089-2 


1-272 


MBL8259A 


1-272 


MBL8259A-2 


1-294 


MBL8282 


1-294 


MBL8283 


1-300 


MBL8284A 


1-300 


MBL8284A-1 


1-311 


MBL8286 


1-311 


MBL8287 


1-317 


MBL8288 


1-326 


MBL8289 



NMOS HIgh-Performance 16-Blt Microprocessor 

with Memory Management and Protection 

NMOS Higii-Performance 16-Bit Microprocessor 

with Memory Management and Protection 

Bipolar Block Generator and Ready Interface for 

MBL80286 Processors 

Bipolar Bioclc Generator and Ready Interface for 

MBL80286 Processors 

NMOS Bus Controller for MBL80286 Processors 

NMOS Bus Controller for MBL80286 Processors 



NMOS High-Integration 16-Bit Microprocessor 

NMOS High-integration 16-Blt Microprocessor 

NMOS 16-blt Microprocessor 

NMOS 16-bit Microprocessor 

NMOS 16-blt Microprocessor 

NMOS High-Integration 8-Bit Microprocessor 

NMOS High-Integration 8-Bit Microprocessor 

NMOS 8-Bit Microprocessor 

NMOS 8-Bit Microprocessor 

NMOS 8-^lt Microprocessor 

NMOS 8 & 16-Bit I/O Processor 

NMOS 8 & 16-Blt I/O Processor 

NMOS Programmable Interrupt Controller 

NMOS Programmable Interrupt Controller 

Bipolar Octal Latch 

Bipolar Octal Latch 

Bipolar Clocl( Generator/ Driver for MBL8086/ 

MBL8088/MBL8089 

Bipolar Clock Generator/ Driver for MBL8086/ 

MBL8088/MBL8089 

Bipolar Octal Bus Transceiver 

Bipolar Octal Bus Transceiver 

Bus Controller for MBL8086/MBL8088/MBL808g 

Processors 

Bus Arbiter 



Section 2 


IVIicrocomputers and Peripherals 




8-Bit 


IVIicrocomputers and Peripherals 




2-2 


MBL8048N/E/H 


NMOS Single-Chip 8-Blt Microcomputer 




2-2 


MBL8035N/EAH 


NMOS Single-Chip 8-Bit Microcomputer 




2-22 


MBL8049N/E/H 


NMOS Single-Chip 8-Bit Microcomputer 




2-22 


MBL8039N/E/H 


NMOS Single-Chip 8-Bit Microcomputer 




2-42 


MBL8749H/N 


NMOS Single-Chip 8-Bit Microcomputer 




2-67 


MBL8051AH 


NMOS Single-Chip 8-Blt Microcomputer 




2-67 


MBL8031AH 


NMOS Single-Chip 8-Bit Microcomputer 




2-86 


MBL80C49H/N 


CMOS Single-Chip 8-Blt Microcomputer 




2-86 


MBL80C39H/N 


CMOS Single-Chip 8-Bit Microcomputer 




2-114 


MBL8243 


NMOS Input/Output Expander 




2-124 


MBL82C43 


CMOS Input/Output Expander 



Section 2 



Microcomputers and Peripherals (Continued) 



4-Bit Microcomputers and Peripherals 



2-136 


Selector Guide 


2-160 


MB88301A 


2-171 


MB88304 


2-171 


MB88305 


2-181 


MB88310 


2-181 


MB8831 1 


2-192 


MB88306 


2-192 


MB88307 


2-192 


MB88308 


2-192 


MB88309 



for 4-Blt Microcomputers 

NMOS D/A Converter 
NMOS Input/Outut Expander 
NMOS Input/Outut Expander 
CMOS Input/Output Expander 
CMOS Input/Output Expander 
CMOS Output Expander 
CMOS Output Expander 
CMOS Output Expander 
CMOS Output Expander 



Section 3 



IVIemory Controllers 

3-2 MB1422A 

3-22 MB1430 

3-23 MB1412A 

3-39 MB1426 



Dynamic RAM Controller LSI 

1M Dynamic RAM Controller 

LS-TTL Error Checking and Correction Circuit 

16-Blt Error Checking and Correction 



Section 4 



Peripheral Support Devices 



CRT Controllers 



4-2 


MB89321A 


4-2 


MB89322A 


4-25 


MB89321B 


4-25 


MB89322B 


Hard Disk Controller 


4-26 


MB89341 


Floppy Disk Controll 


4-27 


MB8876A 


4-27 


MB8877A 


4-44 


MB8931 1 


4-57 


MB4107 


4-65 


MB4111 


4-65 


MB4112 


4-65 


MB4113 


4-76 


MB4316 


Television Display C 


4-81 


MB88303 


4-98 


MB88313 



CMOS Programmable CRT Controller 
CMOS Programmable CRT Controller 
CMOS Programmable CRT Controller 
CMOS Programmable CRT Controller 



Hard Disk Controller 



Floppy Disk Formatter/Controller 
Floppy Disk Formatter/Controller 
CMOS Floppy Disk Controller/ Formatter 
Floppy Disk VFO 
Magnetic Disk Head Amplifier 
Magnetic Disk Head Amplifier 
Magnetic Disk Head Amplifier 
Driver/ Receiver for Disk Head Amplifier 



NMOS Television Display Controller (TVDC) 
CMOS Television Display Controller (TVDC) 



Protocol Controller 

4-122 MB87030 SCSI Protocol Controller 

Universal Peripheral Interface Peripherals 

4-130 MBL8041AH/E/N 



4-147 



NMOS Universal Peripheral Interface 8-Bit 
Microcomputer 
MBL8042H/N NMOS Universal Peripheral Interface 8-Bit 

Microcomputer 



Section 4 



Peripheral Support Devices (Continued) 



4-164 



4-183 



4-194 
4-194 



MBL8742H/N 



MB8868A 



MB8867 
MB8867E 



NMOS Universal Peripheral Interface 8-Bit 

Microcomputer 

MOS Universal Asynchronous Receiver Transmitter 

(UART) 

TTL Two-Phase Clock Generator and Driver 

TTL Two-Phase Clock Generator and Driver 



Selector Guide for A-to-D/D-to~A Interface Peripherals 



4-205 
4-205 



A-to-D Converters 
D-to-A Converters 



CMOS Peripherals 



4-207 
4-208 
4-209 
4-210 
4-211 
4-212 
4-212 
4-213 
4-214 
4-214 
4-215 
4-216 



MB89237A 

MB8g251A 

MB8g254 

MB89255A 

MB89259A 

MB89282 

MB89283 

MB8g284A 

MB89286 

MB89287 

MB89288 

MB89289 



DMA Controller 

Serial Data Transmitter/ Receiver 

Programmable Timer 

Parallel Data I/O Interface 

Programmable Interrupt Controller 

Address Latch 

Address Latch 

Clock Generator 

Data Bus Transceiver 

Data Bus Transceiver 

Bus Controller 

Bus Arbiter 



Section 5 



Local Area Network (LAN) Products 



5-2 
5-22 



MB502A 
MB8795B 



Ethernet Encoder/Decoder 
Ethernet Data Link Controller 



Section 6 Signal Processors and Peripherals 

6-2 MB8764 General Purpose Digital Signal Processor 

6-2 1 MB87064 Low Cost General Purpose Digital Signal Processor 

6-33 MB87067 ADPCM Digital Signal Processor 

6-33 MB87068 ADPCM Digital Signal Processor 

6-38 MB87069 Serial Interface Adapter 



Section 7 ROIVI Code Development Procedure 

7-2 Procedure 

7-3 Flowchart 



J 



Section 8 Quality Assurance and Reliability 

8-2 Flowchart 



Section 9 



Ordering Information 

9-2 Product Marking 

9-2 Ordering Codes 

9-3 Office Locations 



Alphanumeric Index 



Part Number 


Page 


Part Number 


Page 


Part Number 


Page 


M3 Prefix 




MB88313 


4-98 


MBL8086-1 


1-144 






MB89237A 


4-207 


MBL8086-2 


1-144 


MB502A 


5-2 


MB89251A 


4-208 


MBL8088 


1-226 






MB89254 


4-209 


MBL8088-1 


1-226 


MB1412A 


3-23 






MBL8088-2 


1-226 


MB1422A 


3-2 


MB89255A 


4-210 






MB1426 


3-39 


MB89259A 


4-211 


MBL8089 


1-256 


MB1430 


3-22 


MB89282 


4-212 


MBL8089-2 


1-256 


MB4107 


4-57 


MB89283 


4-212 


MBL8243 


2-114 


MB41 1 1 


4-65 


MB89284A 


4-213 


MBL82C43 


2-124 


MB4112 


4-65 


MB89286 


4-214 






MB4113 


4-65 


MB89287 


4-214 


MBL8259A 


1-272 


MB4316 


4-76 


MB89288 
MB8928g 


4-215 
4-216 


MBL8259A-2 


1-272 


MB8764 


6-2 






MBL8282 


1-294 


MB8795B 


5-22 


MB89311 
MB89321A 


4-44 
4-2 


MBL8283 


1-294 


MB8867 


4-194 


MB89321B 


4-25 


MBL8284A 


1-300 


MB8867E 


4-194 


MB89322A 


4-2 


MBL8284A-1 


1-300 


MB8868A 


4-183 


MB89322B 


4-25 


MBL8286 


1-311 


MB8876A 


4-27 


MB89341 


4-26 


MBL8287 


1-311 


MB8877A 


4-27 






MBL8288 


1-317 






MBL, Prefix 




MBL8289 


1-326 


MB87030 


4-122 










MB87064 


6-21 


MBL8031AH 


2-67 


MBL8742H/N 


4-164 


MB87067 


6-33 


MBL8035N/E/H 


2-2 


MBL8749H/N 


2-42 


MB87068 


6-33 


MBL8039N/E/H 


2-22 






MB87069 


6-38 


MBL80C39H/N 


2-86 


MBL80186 
MBL80186-6 


1-90 
1-90 


MB88301A 


2-160 


MBL8041AH/E/N 


1 4-130 


MBL80188 


1-172 


MB88303 


4-81 


MBL8042H/N 


4-147 


MBL80188-6 


1-172 


MB88304 


2-171 


MBL8048N/E/H 


2-2 






MB88305 


2-171 


MBL8049N/E/H 


2-22 


MBL80286-6 


1-2 


MB88306 


2-192 






MBL80286-8X 


1-2 


MB88307 


2-192 


MBL80C49H/N 


2-86 






MB88308 


2-192 






MBL82284-6 


1-59 


MB88309 


2-192 


MBL8051AH 


2-67 


MBL82284-8 


1-59 


MB88310 


2-181 






MBL82288-6 


1-70 


MB88311 


2-181 


MBL8088 


1-144 


MBL82288-8 


1-70 



Section 1 




Microprocessors 
and Peripherals 



IVIB 1^0286 Microprocessor 

1-2 MBL80286-8 



1-2 



1-59 



MBL80286-6 
MBL82284-8 



MBL82284-6 



1-70 


MBL82288-8 


1-70 


MBL82288-6 


IS/IBI^086/8088/80186/80188 


1-90 


IVIBL80186 


1-90 


MBL80186-6 


1-144 


MBL8086 


1-144 


MBL8086-2 


1-144 


IVIBL8086-1 


1-172 


MBL80188 


1-172 


MBL80188-6 


1-226 


MBL8088 


1-226 


MBL8088-2 


1-226 


iVIBL8088-1 


1-256 


MBL8089 


1-256 


MBL8089-2 


1-272 


MBL8259A 


1-272 


MBL8259A-2 


1-294 


MBL8282 


1-294 


IVIBL8283 


1-300 


MBL8284A 


1-300 


MBL8284A-1 


1-311 


MBL8286 


1-311 


MBL8287 


1-317 


MBL8288 


1-326 


IVIBL8289 



Family 

NMOS HIgh-Performance 16-Blt Microprocessor 

with Memory Management and Protection 

NMOS High-Performance 16-Bit Microprocessor 

with Memory Management and Protection 

Bipolar Block Generator and Ready interface for 

MBL80286 Processors 

Bipolar Block Generator and Ready Interface for 

MBL80286 Processors 

NMOS Bus Controller for MBL80286 Processors 

NMOS Bus Controller for MBL80286 Processors 
IVIicroprocessor Family and Peripherals 

NMOS High-Integration 16-Blt Microprocessor 

NMOS High-Integration 16-Blt Microprocessor 

NMOS 16-bit Microprocessor 

NMOS 16-blt Microprocessor 

NMOS 16-blt Microprocessor 

NMOS High-Integration 8-Blt Microprocessor 

NMOS High-Integration 8-Blt Microprocessor 

NMOS 8-Bit Microprocessor 

NMOS 8-Bit Microprocessor 

NMOS 8-Bit Microprocessor 

NMOS 8 & 16-Bit I/O Processor 

NMOS 8 & 16-Blt I/O Processor 

NMOS Programmable Interrupt Controller 

NMOS Programmable Interrupt Controller 

Bipolar Octal Latch 

Bipolar Octal Latch 

Bipolar Clock Generator/Driver for MBL8086/ 

MBL8088/MBL8089 

Bipolar Clock Generator/ Driver for MBL8086/ 

MBL8088/MBL8089 

Bipolar Octal Bus Transceiver 

Bipolar Octal Bus Transceiver 

Bus Controller for MBL8086/MBL8088/MBL8089 

Processors 

Bus Arbiter 



1-1 



Illlllllllllllllllllllllllllllllllllllllllllllllllllllllllillllll 

FUJITSU 

lllllllillllllllllllllllllllllllllllllllllllliliiiilllllliiiiiiil 



iiiifiilllllliiilllllllllllllllllllllllllllllllllllllllllllllllll 



NMOS HIGH-PERFORMANCE 
16-BIT MICROPROCESSOR 
WITH MEMORY MANAGEMENT 
AND PROTECTION 



MBL 80286-8 
MBL 80286-6 



NMOS HIGH PERFORMANCE 16-BIT MICROPROCESSOR 
WITH MEMORY MANAGEMENT AND PROTECTION 



January 1 9f 
Edition 1 .0 



The Fujitsu MBL 80286 is an advanced, high-performance 16-bit microprocessor with specially optimized capabilities 
for multiple user and multi-tasking systems. The MBL 80286 has built-in memory protection that supports operating 
system and task isolation as well as program and data privacy within tasks. An 8 MHz MBL 80286 provides up to six 
times greater throughout than the standard 5 MHz MBL 8086. The MBL 80286 includes memory management capa- 
bilities that map up to 2^° (one gigabyte) of virtual address space per task into 2^^ bytes (16 megabytes) of physical 
memory. 

The MBL 80286 is upward compatible with MBL 8086 and 88 software. Using MBL 8086 real address mode, the 
MBL 80286 is object code compatible with existing MBL 8086, 88 software. In protected virtual address mode, the 
MBL 80286 is source code compatible with MBL 8086, 88 software and may require upgrading to use virtual ad- 
dresses supported by the MBL80286's integrated memory management and protection mechanism. Both modes 
operate at full MBL 80286 performance and execute a superset of the MBL 8086 and 88's instructions. 

The MBL 80286 provides special operations to support the efficient implementation and execution of operating 
systems. For example, one instruction can end execution of one task, save its state, switch to a new task, load its state, 
and start execution of the new task. The MBL 80286 also supports virtual memory systems by providing a segment- 
not-present exception and restartable instructions. 

The MBL 80286 is housed in a 68-pad ceramic LOG (Leadless Chip Carrier: JEDEC Type A) or a 68-pin ceramic PGA 
(Pin Grid Array) package. 



High Performance Processor 
(Up to six times MBL 8086) 
Large Address Space: 

- 16 Megabytes Physical 

- 1 Gigabyte Virtual per Task 

Integrated Memory Management, Four-Level Memory 

Protection and Support for Virtual Memory and 

Operating Systems 

Two MBL 8086 Upward Compatible Operating 

Modes: 

- MBL 8086 Real Address Mode 

- Protected Virtual Address Mode 



Two Ranges of Clock Rates: 

- 8 MHz for MBL 80286-8 

- 6 MHz for MBL 80286-6 
Optional Processor Extension: 

- MBL 80286 and Intel 80287 High Performance 
80-bit Numeric Data Processor 

High Bandwidth Bus Interface (8 Megabyte/Sec) 
Two Package Options: 

- 68-Pad Ceramic LCC (Suffix - CV) 
(JEDEC Type A) 

- 68-Pin Ceramic PGA (Suffix - CR) 
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Fig. 2 - PIN CONFIGURATIONS 
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PIN DESCRIPTION 

The following pin function descriptions are for the MBL 80286 microprocessor: 



Table 1 - PIN DESCRIPTION 



Symbol 



Type 



Name and Function 



CLK 



System Clock provides the fundamental timing for MBL 80286 systems. It is divided by two 
inside the MBL 80286 to generate the processor clock. The internal divide-by-two circuitry 
can be synchronized to an external clock generator by a LOW to HIGH transition on the 
RESET input. 



D15-D0 



I/O 



Data Bus inputs data during memory, I/O, and interrupt acknowledge read cycles; outputs 
data during memory and I/O write cycles. The data bus is active HIGH and floats to 3-state 
OFF during bus hold acknowledge. 



A23-A0 



Address Bus outputs physical memory and I/O port addresses. AO is LOW when data is to be 
transferred on pins D7— DO. A23— A16 are LOW during I/O transfers. The address bus is active 
HIGH and floats to 3-state OFF during bus hold acknowledge. 



BHE 



Bus High Enable indicates transfer of data on the upper byte of the data bus, D15— D8. Eight- 
bit oriented devices assigned to the u pper byte of the data bus would normally use BHE to 
condition chip select functions. BHE is active LOW and floats to 3-state OFF during bus hold 
acknowledge. 



BHE and AO Encodings 


BHE Value 


AO Value 


Function 





1 
1 



1 


1 


Word transfer 

Byte transfer on upper half of data bus (D15-D8) 

Byte transfer on lower half of data bus (D7— DO) 

Reserved 



31,80 



Bus Cycle Status indicates initiation of a bus cycle and, along with M/TO and COD/INTA, 
defineds the type of bus cycle. The bus is in a TS state whenever one or both are LOW. ST 
and SO are active LOW and float to 3-state OFF during bus hold acknowledge. 







MBL 80286 Bus Cycle 


Status Definition 


COD/INTA 


M/IO 


ST 


so 


Bus cycle initiated 


O(LOW) 











Interrupt acknowledge 













Reserved 








1 




Reserved 








1 




None: not a status cycle 





1 








If A1 = 1 then halt; else shutdown 





1 







Mennory data read 





1 


1 




Memory data write 





1 


1 




None: not a status cycle 


1 (HIGH) 










Reserved 












I/O read 







1 





I/O write 







1 




None: not a status cycle 




1 








Reserved 




1 
1 
1 




1 
1 





Memory instruction read 

Reserved 

None: not a status cycle 
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Table 1 - PIN DESCRIPTION (Cont.) 



Symbol 


Type 


Name and Function 


M/IO 





Memory/10 Select distinguishes memory access from I/O access. If HIGH during TS, a memory 
cycle or a halt/shutdown cycle is in progress. If LOW, an I/O cycle or an interrupt acknowl; 
edge cycle is in progress. M/IO floats to 3-state OFF during bus hold acknowledge. 


COD/INTA 





Code/Interrupt Acknowledge distinguishes instruction fetch cycles from memory data read 
cycles. Also distinguishes interrupt acknowledge cycles from I/O cycles. COD/INTA floats to 
3-state OFF during bus hold acknowledge. Its timing is the same as M/IO. 







Bus Lock indicates that other system bus masters are not to gain control of the system bus 
following the current bus cycle. The LOCK signal may be activated explicitly by the "LOCK" 
instruction prefix or automatically by MBL 80286 hardware during memory XCHG instruc- 
tions, interrupt acknowledge, or descriptor table access. LOCK is active LOW and floats to 
3-state OFF during bus hold acknowledge. 


LOCK 




1 


Bus Ready terminates a bus cycle. Bus cycles are extended without limit until terminated by 
READY LOW. READY is an active LOW synchronous input requiring setup and hold times 
relative to the system clock be met for correct operation. READY is ignored during bus hold 
acknowledge. 


READY 


HOLD 
HLDA 


1 




Bus Hold Request and Hold Acknowledge control ownership of the MBL 80286 local bus. 
The HOLD input allows another local bus master to request control of the local bus. When 
control is granted, the MBL 80286 will float its bus drivers to 3-state OFF and then activate 
HLDA, thus entering the bus hold acknowledge condition. The local bus will remain granted 
to the requesting master until HOLD becomes inactive which results in the MBL 80286 
deactivating HLDA and regaining control of the local bus. This terminates the bus hold 
acknowledge condition. HOLD may be asynchronous to the system clock. These signals are 
active HIGH. 


INTR 


1 


Interrupt Request requests the MBL 80286 to suspend its current program execution and 
service a pending external request. Interrupt requests are masked whenever the interrupt 
enable bit in the flag word is cleared. When the MBL 80286 responds to an interrupt request, 
it performs two interrupt acknowledge bus cycles to read an 8-bit interrupt vector that identi- 
fies the source of the interrupt. To assure program interruption, INTR must remain active 
until the first interrupt acknowledge cycle is completed. INTR is sampled at the beginning of 
each processor cycle and must be active HIGH at least two processor cycles before the current 
instruction ends in order to interrupt before the next instruction. INTR is level sensitive, 
active HIGH, and may be asynchronous to the system clock. 


NMI 


1 


Non-maskable Interrupt Request interrupts the MBL 80286 with an internally supplied vector 
value of 2. No interrupt acknowledge cycles are performed. The interrupt enable bit in the 
MBL 80286 flag word does not affect this input. The NMI input is active HIGH, may be 
asynchronous to the system clock, and is edge triggered after internal synchronization. For 
proper recognition, the input must have been previously LOW for at least four system clock 
cycles and remain HIGH for at least four system clock cycles. 


PEREQ 
PEACK 


1 




Processor Extension Operand Request and Acknowledge extend the memory management 
and protection capabilities of the MBL 80286 to processor extensions. The PEREQ input 
requests the MBL 80286 to perform a data operand transfer for a processor extension. The 
PEACK output signals the processor extension when the requested operand is being trans- 
ferred. PEREQ is active HIGH and floats to 3-state OFF during bus hold acknowledge. 
PEACK may be asynchronous to the system clock. PEACK is active LOW. 
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Table 1 - PIN DESCRIPTION (Cont.) 



Symbol 


Type 


Name and Function 




1 
1 


Processor Extension Busy and Error indicate the operating condition of a processor extension 
to the MBL 80286. An active BUSY input stops MBL 80286 program execution on WAIT and 
some ESC instructions until BUSY becomes inactive (HIGH). The MBL 80286 may be inter- 
rupted while waiting for BUSY to become inactive. An active ERROR input causes the 
MBL 80286 to perform a processor extension interrupt when executing WAIT or some ESC 
instructions. These inputs are active LOW and may be asynchronous to the system clock. 


BUSY 
ERROR 


RESET 


1 


System Reset clears the internal logic of the MBL 80286 and is active HIGH. The MBL 80286 
may be reinitialized at any time with a LOW to HIGH transition on RESET which remains 
active for more than 16 system clock cycles. During RESET active, the output pins of the 
MBL 80286 enter the state shown below: 




MBL 80286 Pin State During Reset 




Pin Value 


Pin Names 


1 (HIGH) 
(LOW) 
3-stateOFF 


SO, 81, PEACK, A23-A0, BHE, LOCK 

M/IO, COD/INTA, HLDA 

D15-D0 


Operation of the MBL 80286 begins after a HIGH to LOW transition on RESET. The HIGH 
to LOW transition of RESET must be synchronous to the system clock. Approximately 50 
system clock cycles are required by the MBL 80286 for internal initializations before the 
first bus cycle to fetch code from the power-on execution address is performed. 






A LOW to HIGH transition of RESET synchronous to the system clock will end a processor 
cycle at the second HIGH to LOW transition of the system clock. The LOW to HIGH transi- 
tion of RESET may be asynchronous to the system clock; however, in this case it cannot be 
predetermined which phase of the processor clock will occur during the next system clock 
period. Synchronous LOW to HIGH transitions of RESET are required only for systems 
where the processor clock must be phase synchronous to another clock. 


Vss 


1 


System Ground: Volts. 


Vcc 


1 


System Power: -f-5 Volt Power Supply. 


CAP 


1 


Substrate Filter Capacitor: a 0.047juF ± 20% 12V capacitor must be connected between this 
pin and ground. This capacitor filters the output of the internal substrate bias generator. 
A maximum DC leakage current of I^A is allowed through the capacitor. 

For correct operation of the MBL 80286, the substrate bias generator must charge this capa- 
citor to its operating voltage. The capacitor chargeup time is 5 milliseconds (max.) after Vcc 
and CLK reach their specified AC and DC parameters. RESET may be applied to prevent 
spurious activity by the CPU during this time. After this time, the MBL 80286 processor clock 
can be phase synchronized to another clock by pulsing RESET LOW synchronous to the 
system clock. 
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FUNCTIONAL DESCRIPTION 

Introduction 

The MBL 80286 is an advanced, high-performance micro- 
processor with specially optimized capabilities for multiple 
user and multi-tasking systems. Depending on the applica- 
tion, the MBL 80286's performance is up to six times 
faster than the standard 5 MHz MBL8086's, while pro- 
viding complete upward software compatibility with 
Fujitsu's MBL 8086, 88, and 186 family of CPU's. 

The. MBL 80286 operates in two modes: MBL 8086 real 
address mode and protected virtual address mode. Both 
modes execute a superset of the MBL 8086 and 88 instruc- 
tion set. 

In MBL 8086 real address mode programs use real addresses 
with up to one megabyte of address space. Programs use 
virtual addresses in protected virtual address mode, also 
called protected mode. In protected mode, the MBL 80286 
CPU automatically maps 1 gigabyte of virtual addresses 
per task into a 16 megabyte real address space. This mode 
also provides memory protection to isolate the operating 
system and ensure privacy of each tasks' programs and data. 
Both modes provide the same base instruction set, registers, 
and addressing modes. 

The following Functional Description describes first, the 
base MBL 80286 architecture common to both modes, 
second, MBL 8086 real address mode, and third, protected 
mode. 

MBL 8086 BASE ARCHITECTURE 

The MBL 8086, 88, 186, and 286 CPU family all contain 



the same basic set of registers, instructions, and addressing 
modes. The MBL 80286 processor is upward compatible 
with the MBL 8086, 8088, and 80186 CPU's. 

Register Set 

The MBL 80286 base architecture has fifteen registers as 
shown in Fig. 3. These registers are grouped into the follow- 
ing four categories: 

General Registers: Eight 16-bit general purpose registers 
used to contain arithmetic and logical operands. Four of 
these (AX, BX, CX, and DX) can be used either in their 
entirety as 16-bit words or split into pairs of separate 8-bit 
registers. 

Segment Registers: Four 16-bit special purpose registers 
select, at any given time, the segments of memory that are 
immediately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 

Base and Index Registers: Four of the general purpose 
registers may also be used to determine offset addresses 
of operands in memory. These registers may contain base 
addresses or indexes to particular locations within a seg- 
ment. The addressing mode determines the specific registers 
used for operand address calculations. 

Status and Control Registers: The 3 16-bit special purpose 
registers in Fig. 3a record or control certain aspects of 
the MBL 80286 processor state including the Instruction 
Pointer, which contains the offset address of the next 
sequential instruction to be executed. 



RE 

BYTE 

ADDRESSABLE 

(8-BIT J 

REGISTER 

NAMES 

SHOWN) 


16-BIT 
GISTER 
MAME 

7 07 


Fig. 3 -REGIS 
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REGISTER 
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j STACK POINTER 


TER SET 

15 




AX 
DX 
CX 
BX 
BP 
SI 
Dl 
SP 


AH 


AL 


cs 

DS 

ss 

ES 




CODE SEGMENT SELECTOR 
DATA SEGMENT SELECTOR 
STACK SEGMENT SELECTOR 
EXTRA SEGMENT SELECTOR 


DH 


DL 




CH 


CL 




BH 


BL 






SE 


EGMENT REGISTER 
15 


S 








F 

IP 

MSW 




FLAGS 

INSTRUCTION POINTER 

MACHINE STATUS WORD 
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REGIS 
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Fig. 3a - STATUS AND CONTROL REGISTER BIT FUNCTIONS 



STATUS FLAGS: 

CARRY-- 

PARITY- 

AUXILIARY CARRY- 

ZERO- 

SIGN - 

OVERFLOW - 

15 14 13 



TF SF ZF 



CONTROL FLAGS; 

- TRAP FLAG 

- INTERRUPT ENABLE 
-DIRECTION FLAG 

SPECIAL FIELDS: 

- I/O PRIVILEGE LEVEL 
-NESTED TASK FLAG 



TS I EM I MP { PE I 



TASK SWITCH - 

PROCESSOR EXTENSION EMULATED - 

MONITOR PROCESSOR EXTENSION - 

PROTECTION ENABLE - 



Flags Word Description 

The Flags word (Flags) records specific characteristics 
of the result of logical and arithmetic instructions (bits 0, 
2, 4, 6, 7, and 11) and controls the operation of the 
MBL 80286 within a given operating mode (bits 8 and 9). 
Flags is a 16-bit register. The function of the flag bits is 
given in Table 2. 

instruction Set 

The instruction set is divided into seven categories: data 
transfer, arithmetic, shift/rotate/logical, string manipula- 
tion, control transfer, high level instructions, and processor 
control. These categories are summarized in Fig. 4. 

An MBL 80286 instruction can reference zero, one, or two 
operands; where an operand resides in a register, in the 
instruction itself, or in memory. Zero-operand instructions 
(e.g. NOP and HLT) are usually one byte long. One-operand 
instructions (e.g. INC and DEC) are usually two bytes long 
but some are encoded in only one byte. One-operand 
instructions may reference a register or memory location. 
Two-operand instructions permit the following six types 
of instruction operations: 

— Register to Register 

— Memory to Register 

— Immediate to Register 

— Memory to Memory 



Register to Memory 
Immediate to Memory 

Table 2 - FLAGS WORD BIT FUNCTIONS 



Bit 
Position 


Name 


Function 





CF 


Carry Flag — Set on high-order bit 
carry or borrow; cleared otherwise 


2 


PF 


Parity Flag — Set if low-order 8 bits 
of result contain an even nunnber of 
1-bits; cleared otherwise 


4 


AF 


Set on carry from or borrow to the 
low order four bits of AL; cleared 
Otherwise 


6 


ZF 


Zero Flag — Set if result is zero; 
cleared otherwise 


7 


SF 


Sign Flag — Set equal to high-order 
bit or result (0 if positive, 1 if nega- 
tive) 


8 


TF 


Single Step Flag — Once set, a sin- 
gle step interrupt occurs after the 
next instruction executes. TF is 
cleared by the single step interrupt. 


9 


IF 


Interrupt-enable Flag — When set, 
nnaskable interrupts will cause the 
CPU to transfer control to an inter- 
rupt vector specified location. 


10 


DF 


Direction Flag — Causes string 
instructions to auto decrement the 
appropriate index registers when set. 
Clearing DF causes auto increment. 


11 


OF 


Overflow Flag — Set if result is a 
too-large positive number or a too- 
small negative number (excluding 
sign-bit) to fit in destination oper- 
and; cleared otherwise 
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Two-operand instructions (e.g. MOV and ADD) are usually 
three to six bytes long. Memory to memory operations are 
provided by a special class of string instructions requiring 
one to three bytes. For detailed instruction formats and 
encodings refer to the instruction set summary at the end 
of this document. 

For d^^ailed operation and usage of each instruction, see 
Appendix of MBL 80286 Programmer's Reference Manual. 

Fig. 4a - DATA TRANSFER INSTRUCTIONS 



Fig. 4b - ARITHMETIC INSTRUCTIONS 



GENERAL PURPOSE 


MOV 


Move byte or word 


PUSH 


Push word onto stack 


POP 


Pop word off stack 


PUSHA 


Push all registers on stack 


POPA 


Pop all registers from stack 


XCHG 


Exchange byte or word 


XL AT 


Translate byte 


INPUT/OUTPUT 


IN 


Input byte or word 


OUT 


Output byte or word 


ADDRESS OBJECT 


LEA 


Load effective address 


LDS 


Load pointer using DS 


LES 


Load pointer using ES 


FLAG TRANSFER 


LAHF 


Load AH register from flags 


SAHF 


Store AH register in flags 


PUSHF 


Push flags onto stack 


POPF 


Pop flags off stack 



Fig. 4c -STRING INSTRUCTIONS 


MOVS 


Move byte or word string 


INS 


Input bytes or word string 


OUTS 


Output bytes or word string 


CMPS 


Compare byte or word string 


SCAS 


Scan byte or word string 


LODS 


Load byte or word string 


STOS 


Store byte or word string 


REP 


Repeat 


REPE/REPZ. 


Repeat while equal/zero 


REPNE/REPNZ 


Repeat while not equal/not zero 



ADDITION 


ADD 


Add byte or word 


ADC 


Add byte or word with carry 


INC 


Increment byte or word by 1 


AAA 


ASCII adjust for addition 


DAA 


Decimal adjust for addition 


SUBTRACTION 


SUB 


Subtract byte or word 


SBB 


Subtract byte or word with borrow 


DEC 


Decrement byte or word by 1 


NEG 


Negate byte word 


CMP 


Compare byte or word 


AAS 


ASCII adjust for subtraction 


DAS 


Decimal adjust for subtraction 


MULTIPLICATION 


MUL 


Multiply byte or word unsigned 


IMUL 


Integer multiply byte or word 


AAM 


ASCII adjust for multiply 


DIVISION 


DIV 


Divide byte or word unsigned 


IDIV 


Integer divide byte or word 


AAD 


ASCII adjust for division 


CBW 


Convert byte to word 


CWD 


Convert word to doubleword 



Fig. 4d - SHIFT/ROTATE/LOGICAL INSTRUCTIONS 



LOGICALS 


NOT 


"Not" byte or word 


AND 


"And" byte or word 


OR 


"Inclusive or" byte or word 


XOR 


"Exclusive or" byte or word 


TEST 


"TEST" byte or word 


SHIFTS 1 


SHL/SAL 


Shift logical/arithmetic left byte or word 


SHR 


Shift logical right byte or word 


SAR 


Shift arithmetic right byte or word 


ROTATES 


ROL 


Rotate left byte or word 


ROR 


Rotate right byte or word 


RCL 


Rotate through carry left byte or word 


RCR 


Rotate through carry right byte or word 
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Fig. 4e- PROGRAM TRANSFER INSTRUCTIONS 



CONDITIONAL TRANSFERS 


UNCONDITIONAL TRANSFERS 


JA/JNBE 


Jump if above/not below nor equal 


CALL 


Call procedure 


JAE/JNB 


Jump if above or equal/not below 


RET 


Return from procedure 


JB/JNAE 


Jump if below/not above nor equal 


JMP 


Jump 


JBE/JNA 


Jump if below or equal/not above 


JC 


Jump if carry 


ITERATION CONTROLS 


JE/JZ 


Jump if equal/zero 


LOOP 


Loop 


JG/JNLE 


Jump if greater/not less nor equal 


JGE/JNL 


Jump if greater or equal/not less 


LOOPE/LOOPZ 


Loop if equal/zero 


JL/JNGE 


Jump if less/not greater nor equal 


LOOPNE/LOOPNZ 


Loop if not equal/not zero 


JLE/JNG 


Jump if less or equal/not greater 


JCXZ 


Jump if register CX = 


JNC 


Jump if not carry 


JNE/JNZ 


Jump if not equal/not zero 


INTERRUPTS 


JNO 


Jump if not overflow 


INT 


Interrupt 


JNP/JPO 


Jump if not parity /parity odd 


JNS 


Jump if not sign 


INTO 


Interrupt if overflow 


JO 


Jump if overflow 


IRET 


Interrupt return 


JP/JPE 


Jump if parity/parity even 


JS 


Jump if sign 



Fig. 4f - PROCESSOR CONTROL INSTRUCTIONS 



FLAG OPERATIONS 


STC 


Set carry flag 


CLC 


Clear carry flag 


CMC 


Complement carry flag 


STD 


Set direction flag 


CLD 


Clear direction flag 


STI 


Set interrupt enable flag 


CLI 


Clear interrupt enable flag 


EXTERNAL SYNCHRONIZATION 


HLT 


Halt until interrupt or reset 


WAIT 


Wait for TEST pin active 


ESC 


Escape to extension processor 


LOCK 


Lock bus during next instruction 


NO OPERATION 


NOP 


No operation 


EXECUTION ENVIRONMENT CONTROL 


LMSW 


Load machine status word 


SMSW 


Store machine status word 



Memory Organization 

Memory is organized as sets of variable length segments. 
Each segment is a linear contiguous sequence of up to 
64K (2''^) 8-bit bytes. Memory is addressed using a two- 
component address (a pointer) that consists of a 16-bit 
segment selector, and a 16-bit offset. The segment selector 
indicates the desired segment in memory. The offset com- 
ponent indicates the desired byte address within the seg- 
ment. 



Fig. 4g - HIGH LEVEL INSTRUCTIONS 



ENTER 


Format stack for procedure entry 


LEAVE 


Restore stack for procedure exit 


BOUND 


Detects values outside prescribed range 



Fig. 5 -TWO COMPONENT ADDRESS 



32-BIT POINTER 




' "^ 




1 SEGMENT 1 OFFSET | 


31 1615 




\^^\ 


OPERAND 
SELECTED 















.SELECTED 
/" SEGMENT 



MEMORY 
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Table 3 - SEGMENT REGISTER SELECTION RULES 



Memory Reference 
Needed 


Segment Register 
Used 


Implicit Segment Selection Rule 


Instructions 


Code (CS) 


Autonnatic with instruction prefetch 


Stack 


Stack (SS) 


All stack pushes and pops. Any memory reference which uses BP as a 
base register. 


Local Data 


Data (DS) 


All data references except when relative to stack or string destination 


External (Global) Data 


Extra (ES) 


Alternate data segment and destination of string operation 



All instructions that address operands in memory must 
specify the segment and the offset. For speed and compact 
instruction encoding, segment selectors are usually stored 
in the high speed segment registers. An instruction need 
specify only the desired segment register and an offset in 
order to address a memory operand. 

Most instructions need not explicitly specify which segment 
register is used. The correct segment register is automatical- 
ly chosen according to the rules of Table 3. These rules 
follow the way programs are written (see Fig. 6) as in- 
dependent modules that require areas for code and data, 
a stack, and access to external data areas. 

Special segment override instruction prefixes allow the 
implicit segment register selection rules to be overridden 
for special cases. The stack, data, and extra segments may 
coincide for simple programs. To access operands not 
residing in one of the four immediately available segments, 
a full 32-bit pointer or a new segment selector must be 
loaded. 

Addressing Modes 

The MBL 80286 provides a total of eight addressing modes 
for instructions to specify operands. Two addressing modes 
are provided for instructions that operate on register or 
immediate operands: 

Register Operand Mode: The operand is located in one of 
the 8 or 16-bit general registers. 

Immediate Operand Mode: The operand is included in the 
instruction. 

Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand address 
consists of two 16-bit components: segment selector and 
offset. The segment selector is supplied by a segment 
register either implicitly chosen by the addressing mode or 
explicitly chosen by a segment override prefix. The offset 
is calculated by summing any combination of the following 
three address elements: 



Fig. 6 -SEGMENTED MEMORY HELPS 
STRUCTURE SOFTWARE 
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MEMORY 

















the displacement (an 8 or 16-bit immediate value con- 
tained in the instruction) 

the base (contents of either the BX or BP base registers) 

the Index (contents of either the SI or Dl index registers) 

Any carry out from the 16-bit addition is ignored. Eight- 
bit displacements are sign extended to 16-bit values. 

Combinations of these three address elements define the 
six memory addressing modes, described below. 

Direct Mode: The operand's offset is contained in the 
instruction as an 8 or 16-bit displacement element. 
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Register Indirect Mode: The operand's offset is in one 
of the registers SI, Dl, BX, or BP. 

Based Mode: The operand's offset is the sum of an 8 or 
16-bit displacement and the contents of a based register 
(BXorBP). 

Indexed Mode: The operand's offset is the sum of an 8 
or 16-bit displacement and the contents of an index register 
(SlorDI). 

Based Indexed Mode: The operand's offset is the sum of 
the contents of a base register and an index register. 

Based Indexed Mode with Displacement: The operand's 
offset is the sum of a base register's contents, an index 
register's contents, and an 8 or 16-bit displacement. 

Data Types 

The MBL 80286 directly supports the following data types: 



Integer: 



A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All 
operations assume a 2's complement re- 
presentation. Signed 32 and 64-bit integers 
are supported using the MBL 80286 
and Intel 80287 Numeric Data Processor. 



Ordinal: 



String: 



ASCII: 



BCD: 



An unsigned binary numeric value con- 
tained in an 8-bit byte or 16-bit word. 

Pointer: A 32-bit quantity, composed of a segment 

selector component and an offset com- 
ponent. Each component is a 16-bit word. 

A contiguous sequence of bytes or words. 

A string may contain from 1 byte to 64K 

bytes. 

A byte representation of alphanumeric 

and control characters using the ASCII 

standard of character representation. 

A byte (unpacked) representation of the 
decimal digits 0—9. 

Packed BCD: A byte (packed) representation of two 
decimal digits 0—9 storing one digit in 
each nibble of the byte. 

Floating Point: A signed 32, 64, or 80-bit real number 
representation. (Floating point operands 
are supported using the MBL 80286 and 
Intel 80287 Numeric Processor configura- 
tion.) 

Fig. 7 graphically represents the data types supported by 
the MBL 80286. 

I/O Space 

The I/O space consists of 64K 8-bit or 32K 16-bit ports. 



Fig. 7 - MBL 80286 SUPPORTED DATA TYPES 
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I/O instructions address the I/O space with either an 8-bit 
port address, specified in the instruction, or a 16-bit port 
address in the DX register. 8-bit port addresses are zero 
extended such that A15-A8 are LOW. I/O port addresses 
00F8(H) through OOFF(H) are reserved. 
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Table 4 -INTERRUPT VECTOR ASSIGNMENTS 



Function 


Interrupt 
Number 


Related Instructions 


Does Return Address 
Point to Instruction 
Causing Exception? 


Divide error exception 





DIV, IDIV 


Yes 


Single step interrupt 


1 


All 




NMI Interrupt 


2 


INT 2 or NMI pin 




Breakpoint interrupt 


3 


INT 3 




INTO detected overflow exception 


4 


INTO 


No 


BOUND range exceeded exception 


5 


BOUND 


Yes 


Invalid opcode exception 


6 


Any undefined opcode 


Yes 


Processor extension not available exception 


7 


ESC or WAIT 


Yes 


Reserved - do not use 


8-15 






Processor extension error interrupt 


16 


ESC or WAIT 




Reserved — do not use 


17-31 






User defined 


32-255 







interrupts 

An interrupt transfers execution to a new program location. 
The old program address (CS: IP) and machine state (Flags) 
are saved on the stack to allow resumption of the inter- 
rupted program. Interrupts fall into three classes: hardware 
initiated, INT instructions, and instruction exceptions. 
Hardware initiated interupts occur in response to an ex- 
ternal input and are classified as non-maskable or maskable. 
Programs may cause an interrupt with an INT instruction. 
Instruction exceptions occur when an unusual condition, 
which prevents further instruction processing, is detected 
while attempting to execute an instruction. The return 
address from an exception will always point at the instruc- 
tion causing the exception and include any leading instruc- 
tion prefixes. 

A table containing up to 256 pointers defines the proper 
interrupt service routine for each interrupt. Interrupts 
0—31, some of which are used for instruction exceptions, 
are reserved. For each interrupt, an 8-bit vector must be 
supplied to the MBL 80286 which identifies the appro- 
priate table entry. Exceptions supply the interrupt vector 
internally. INT instructions contain or imply the vector 
and allow access to all 256 interrupts. Maskable hardware 
initiated interrupts supply the 8-bit vector to the CPU 
during an interrupt acknowledge bus sequence. Non- 
maskable hardware interrupts use a predefined internally 
supplied vector. 

MASKABLE INTERRUPT (INTR) 

The MBL 80286 provides a maskable hardware interrupt 
request pin, INTR. Software enables this input by setting 



the interrupt flag bit (IF) in the flag word. All 224 user- 
defined interrupt sources can share this input, yet they 
can retain separate interrupt handlers. An 8-bit vector read 
by the CPU during the interrupt acknowledge sequence 
(discussed in System Interface section) identifies the 
source of the interrupt. 

Further maskable interrupts are disabled while servicing 
an interrupt by resetting the IF but as part of the response 
to an interrupt or exception. The saved flag word will 
reflect the enable status of the processor prior to the inter- 
rupt. Until the flag word is restored to the flag register, 
the interrupt flag will be zero unless specifically set. The 
interrupt return instruction includes restoring the flag 
word, thereby restoring the original status of IF. 

NON-MASKABLE INTERRUPT REQUEST (NMI) 

A non-maskable interrupt input (NMI) is also provided. 
NMI has higher priority than INTR. A typical use of NMI 
would be to activate a power failure routine. The activation 
of this input causes an interrupt with an internally supplied 
vector value of 2. No external interrupt acknowledge 
sequence is performed. 

While executing the NMI servicing procedure, the 
MBL 80286 will service neither further NMI requests, INTR 
requests, nor the processor extension segment overrun 
interrupt until an interrupt return (I RET) instruction is 
executed or the CPU is reset. If NMI occurs while currently 
servicing an NMI, its presence will be saved for servicing 
after executing the first I RET instruction. IF is cleared at 
the beginning of an NMI interrupt to inhibit INTR inter- 
rupts. 
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SINGLE STEP INTERRUPT 

The MBL 80286 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is called the 
single step interrupt and is controlled by the single step 
flag bit (TF) in the flag word. Once this bit is set, an 
internal single step interrupt will occur after the next in- 
struction has been executed. The interrupt clears the TF 
bit and uses an internally supplied vector of 1. The I RET 
instruction is used to set the TF bit and transfer control to 
the next instruction to be single stepped. 

Interrupt Priorities 

When simultaneous interrupt requests occur, they are 
processed in a fixed order as shown in Table 5. Interrupt 
processing involves saving the flags, return address, and 
setting CS:IP to point at the first instruction of the inter- 
rupt handler. If other interrupts remain enabled they are 
processed before the first instruction of the current inter- 
rupt handler is executed. The last interrupt processed is 
therefore the first one serviced. 

Tabhe 5 -INTERRUPT PROCESSING ORDER 



Table 6 - 



MBL 80286 INITIAL REGISTER STATE 
AFTER RESET 



Order 


Interrupt 


1 


Instruction exception 


2 


Single step 


3 


NMI 


4 


Processor extension segnnent overrun 


5 


INTR 


6 


INT instruction 



Flag word 


0002(H) 


Machine Status Word 


FFFO(H) 


Instruction pointer 


FFFO(H) 


Code segment 


FOOO(H) 


Data segnnent 


0000(H) 


Extra segment 


0000(H) 


Stack segment 


0000(H) 



Machine Status Word Description 

The machine status word (MSW) records when a task 
switch takes place and controls the operating mode of 
the MBL 80286. It is a 16-bit register of which the lower 
four bits are used. One bit places the CPU into protected 
mode, while the other three bits, as shown in Table 7, con- 
trol the processor extension interface. After RESET, this 
register contains FFFO(H) which places the MBL 80286 
in MBL 8086 real address mode. 

Table 7 -MSW BIT FUNCTIONS 



Initialization and Processor Reset 

Processor initialization or start up is accomplished by 
driving the RESET input pin HIGH. RESET forces the 
MBL 80286 to terminate all execution and local bus acti- 
vity. No instruction or bus activity will occur as long as 
RESET is active. After RESET becomes inactive and an 
internal processing interval elapses, the MBL 80286 begins 
execution in real address mode with the instruction at 
physical location FFFFFO(H). RESET also sets some 
registers to predefined values as shown as shown in Table 6. 

Tables- RECOMMENDED MSW ENCODINGS FOR PROCESSOR EXTENSION CONTROL 



Bit 
Position 


Name 


Function 





PE 


Protected mode enable places the 
MBL 80286 into protected mode and 
can not be cleared except by RESET. 


1 


MP 


Monitor processor extension allows 
WAIT instructions to cause a proces- 
sor extension not present exception 
(number 7). 


2 


EM 


Erriulate processor extension causes 
a processor extension not present 
exception (number 7) on ESC in- 
structions to allow emulating a 
processor extension. 


3 


TS 


Task switched indicates the next 
instruction using a processor exten- 
sion will cause exception 7, allowing 
software to test whether the current 
processor extension context belongs 
to the current task. 



TS 


MP 


EM 


Recommended Use 


Instructions 

Causing 
Exception 7 











Initial encoding after RESET. MBL 80286 operation is identical to 
MBL 8086, 88. 


None 








1 


No processor extension is available. Software will emulate its function. 


ESC 


1 





1 


No processor extension is available. Software will emulate its function. 
The current processor extension context may belong to another task. 


ESC 





1 





A processor extension exists. 


None 


1 


1 





A propessor extension exists. The current processor extension context 
may belong to another task. The Exception 7 on WAIT allows software to 
test for an error pending from a previous processor extension operation. 


ESC or WAIT 
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The LMSW and SMSW instructions can load and store the 
MSW in real address mode. The recommended use of TS, 
EM, and MP is shown in Table 8. 

Halt 

The HLT instruction stops program execution and pre- 
vents the CPU from using the local bus until restarted. 
Either NMI, INTR with IF = 1, or RESET will force the 
MBL 80286 out of halt. If interrupted, the saved CS:IP 
will point to the next instruction after the HLT. 

MBL 8085 REAL ADDRESS MODE 

The MBL 80286 executes a fully upward-compatible super- 
set of the MBL 8086 instruction set in real address mode. 
In real address mode the MBL 80286 is object code com- 
patible with MBL 8086 and 8088 software. The real address 
mode architecture (registers and addressing modes) is 
exactly as described in the MBL 80286 Base Architecture 
section of this Functional Description. 

Memory Size 

Physical memory is a contiguous array of up to 1,048,576 
bytes (one megabyte) addressed by pins AO through A19 
and BHE. A20 through A23 may be ignored. 

Memory Addressing 

In real address mode physical memory is a contiguous array 
of up to 1,048,576 bytres (one megabyte) addressed by 
pins AO through A19 and BHE. A20 through A23 may be 
ignored. 

The selector portion of a pointer is interpreted as the upper 
16 bits of a 20-bit segment address. The lower four bits of 
the 20-bit segment address are always zero. Segment ad- 
dresses, therefore, begin on multiples of 16 bytes. See 
Fig. 8 for a graphic representation of address formation. 

All segments in real address mode are 64K bytes in size and 
may be read, written, or executed. An exception or inter- 
rupt can occur if data operands or instructions attempt 
to wrap around the end of a segment (e.g. a word with its 
low order byte at offset FFFF(H) and its high order byte 
at offset 0000(H)). If, in real address mode, th^ informa- 
tion contained in a segment does not use the full 64K 
bytes, the unused end of the segment may be overlayed by 
another segment to reduce physical memory requirements. 

Reserved Memory Locations 

The MBL 80286 reserves two fixed areas of memory in real 
address mode (see Fig. 9); system initialization area and 
interrupt table area. Locations from addresses FFFFO(H) 
through FFFFF(H) are reserved for system initialization. 
Initial execution begins at location FFFFO(H). Locations 
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00000(H) through 003FF(H) are reserved for interrupt 
vectors. 
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Table 9 -REAL ADDRESS MODE ADDRESSING INTERRUPTS 



Function 


Interrupt 
Number 


Related Instructions 


Return Address 
Before Instruction? 


Interrupt table limit too small exception 


8 


INT vector is not within table limit. 


Yes 


Processor extension segment overrun 
interrupt 


9 


ESC with memory operand extending 
beyond offset FFFF(H). 


No 


Segment overrun exception 


13 


Word memory reference with offset 
= FFFF(H) or an attempt to execute 
past the end of a segment. 


Yes 



Interrupts 

Table 9 shows the interrupt vectors reserved for excep- 
tions and interrupts which indicate an addressing error. 
The exceptions leave the CPU in the state existing before 
attempting tQ execute the failing instruction (except for 
PUSH, POP, PUSHA, or POPA). Refer to the next section 
on protected mode initialization for a discussion on excep- 
tion 8. 

Protected Mode Initialization 

To prepare the MBL 80286. for protected mode, the LIDT 
instruction is used to load the 24-bit interrupt table base 
and 16-bit limit for the protected mode interrupt table. 
This instruction can also set a base and limit for the inter 
rupt vector table in real address mode. After reset, the 
interrupt table base is initialized to 000000(H) and its 
size set to 03FF(H). These values are compatible with 
MBL 8086, 88 software. LIDT should only be executed in 
preparation for protected mode. 



PROTECTED VIRTUAL ADDRESS MODE 

The MBL 80286 executes a fully upward-compatible super- 
set of the MBL 8086 instruction set in protected virtual 
address mode (protected mode). Protected mode also 
provides memory management and protection mechanisms 
and associated instructions. 

The MBL 80286 enters protected virtual address mode 
from real address mode by setting the PE (Protection 
Enable) bit of the machine status word with the Load 
Machine Status Word (LMSW) instruction. Protected mode 
offers extended physical and virtual memory address 
space, memory protection mechanisms, and new opera- 
tions to support operating systems and virtual memory. 

All registers, instructions, and addressing modes described 
in the MBL 80286 Base Architecture section of this 
Functional Description remain the same. Programs for the 
MBL 8086, 88, 186, and real address mode MBL 80286 
can be run in protected mode; however, embedded con- 
stants for segment selectors are different. 



Shutdown 

Shutdown occurs when a severe error is detected that 
prevents further instruction processing by the CPU. Shut- 
down and halt are externally signalled via a halt bus opera- 
tion. They can be distinguished by A1 HIGH for halt and 
A1 LOW for shutdown. In real address mode, shutdown 
can occur under two conditions. 

• Exceptions 8 or 13 happen and the IDT limit does not 
include the interrupt vector. 

• A CALL INT or PUSH instruction attempts to wrap 
around the stack segment when SP is not even. 

An NMI input can bring the CPU out of shutdown if the 
IDT limit is at least OOOF(H) and SP is greater than 
0005(H), otherwise shutdown can only be exited via the 
RESET input. 



Memory Size 

The protected mode MBL 80286 provides a 1 gigabyte 
virtual address space per task mapped into a 16 megabyte 
physical address space defined by the address pins A23- 
AO and BHE. The virtual address space may be larger than 
the physical address space since any use of an address that 
does not map to a physical memory location will cause a 
restartable exception. 

Memory Addressing 

As in real address mode, protected mode uses 32-bit 
pointers, consisting of 16-bit selector and offset com- 
ponents. The selector, however, specifies an index into 
a memory resident table rather than the upper 16-bits of 
a real memory address. The 24-bit base address of the 
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desired segment is obtained from the tables in memory. 
The 16-bit offset is added to the segment base address 
to form the physical address as shown in Fig. 10. The 
tables are automatically referenced by the CPU when- 
ever a segment register is loaded with a selector. All 
IVIBL 80286 instructions which load a segment register will 
reference the memory based tables without additional 
software. The memory based tables contain 8 byte values 
called descriptors. 



Fjg. 10 - PROTECTED MODE MEMORY 
ADDRESSING 
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DESCRIPTORS 

Descriptors define the use of memory. Special types of 
descriptors also define new functions for transfer of con- 
trol and task switching. The MBL 80286 has segment de- 
scriptors for code, stack and data segments, and system 
control descriptors for special system data segments and 
control transfer operations. Descriptor accesses are per- 
formed as locked bus operations to assure descriptor 
integrity in multi-processor systems. 

CODE AND DATA SEGMENT DESCRIPTORS (S =1) 

Besides segment base addresses, code and data descriptors 
contain other segment attributes including segment size 
(1 to 64K bytes), access rights (read only, read/write, 
execute only, and execute/read), and presence in memory 
(for virtual memory systems) (See Fig. 11). Any segment 
usage violating a segment attribute indicated by the seg- 
ment descriptor will prevent the memory cycle and cause 
an exception or interrupt. 



Fig. 11 -CODE AND DATA SEGMENT 
DESCRIPTOR FORMATS 
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Access Rights Byte Definition 



Bit 
Position 


Name 


Function 


7 

6-5 

4 


Present (P) 

Descriptor Privilege 
Level (DPL) 
Segment Descriptor 
(S) 


P = 1 Segment is mapped into physical memory. 

P = No mapping to physical memory exists, base and limit are not used. 
Segment privilege attribute used in privilege tests. 

S = 1 Code or Data (includes stacks) segment descriptor 
S = System Segment Descriptor or Gate Descriptor 


3 
2 

1 


Executable (E) 
Expansion Direction 
(ED) 
Writeable (W) 


E = Data segment descriptor type is: 

ED = Expand up segment, offsets must be < limit. 

ED = 1 Expand down segment, offsets must be > limit. 

W = Data segment may not be written into. 

W = 1 Data segment may be written into. 


If Data Segment 
(S=1,E = 0) 


3 
2 

1 


Executable (E) 
Confornning (C) 

Readable (R) 


E = 1 Code Segment Descriptor type is: 

C = 1 Code segment may only be executed when CPL >. DPL 

and CPL remains unchanged. 
R = Code segment may not be read. 
R = 1 Code segment may be read. 


If Code Segment 
(S= 1, E = 1) 





Accessed (A) 


A = Segment has not been accessed. 

A = 1 Segment selector has been loaded into segment register or used by selector test 
instructions. 
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Code and data (including stack data) are stored in two 
types of segments: code segments and data segments. 
Both types are identified and defined by segment descrip- 
tors (S = 1 ). Code segments are identified by the executable 
(E) bit set to 1 in the descriptor access rights byte. The 
access rights byte of both code and data segment descrip- 
tor types have three fields in common: present (P) bit. 
Descriptor Privilege Level (DPL), and accessed (A) bit. 
If P = 0, any attempted use of this segment will cause 
a not-present exception. DPL specifies the privilege level 
of the segment descriptor. DPL controls when the descrip- 
tor may be used by a task (refer to privilege discussion 
below). The A bit shows whether the segment has been 
previously accessed for usage profiling, a necessity for 
virtual memory systems. The CPU will always set this bit 
when accessing the descriptor. 

Data segments (S = 1, E = Oj may be either read-only or 
read-write as controlled by the W bit of the access rights 
byte. Read-only (W = 0) data segments may not be writ- 
ten into. Data segments may grow in two directions, as 
determined by the Expansion Direction (ED) bit: up- 
wards (ED = 0) for data segments, and downwards (ED = 1 ) 
for a segment containing a stack. The limit field for a 
data segment descriptor is interpreted differently depending 
on the ED bit (see Fig. 1 1 ). 

A code segment (S = 1, E = 1) may be execute-only or 
execute/read as determined by the Readable (R) bit. 
Code segments may never be written into and execute- 
only code segments (R = 0) may not be read. A code 
segment may also have an attribute called conforming 
(C). A conforming code segment may be shared by pro- 
grams that execute at different privilege levels. The DPL 
of a conforming code segment defines the range of privilege 
levels at which the segment may be executed (refer to 
privilege discussion below). The limit field identifies the 
last byte of a code segment. 

SYSTEM SEGMENT DESCRIPTORS (S = 0, TYPE = 1-3) 

In addition to code and data segment descriptors, the pro- 
tected mode MBL 80286 defines System Segment Descrip- 
tors. These descriptors define special system data segments 
which contain a table of descriptors (Local Descriptor 
Table Descriptor) or segments which contain the execu- 
tion state of a task (Task State Segment Descriptor). 

Fig. 12 gives the formats for the special system data seg- 
ment descriptors. The descriptors contain a 24-bit base 
address of the segment and a 16-bit limit. The access byte 
defines the type of descriptor, its state and privilege level. 
The descriptor contents are valid and the segment is in 
physical memory if P = 1. If P = 0, the segment is not 
valid. The DPL field is only used in Task State Segment 



Fig. 12 -SYSTEM SEGMENT DESCRIPTOR FORMAT 
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System Segment Descriptor Fields 



Name 


Value 


Description 


TYPE 


1 
2 
3 


Available Task State Segment (TSS) 

Local Descriptor Table 

Busy Task State Segment (TSS) 


P 



1 


Descriptor contents are not valid. 
Descriptor contents are valid. 


DPL 


0-3 


Descriptor Privilege Level 


BASE 


24-bit 
number 


Base Address of special system data 
segment in real memory 


LIMIT 


16-bit 
number 


Offset of last byte in segment 



descriptors and indicates the privilege level at which the 
descriptor may be used (see Privilege). Since the Local 
Descriptor Table descriptor may only be used by a special 
privileged instruction, the DPL field is not used. Bit 4 
of the access byte is to indicate that it is a system control 
descriptor. The type field specifies the descriptor type 
as indicated in Fig. 12. 

GATE DESCRIPTORS (S = 0, TYPE = 4-7) 

Gates are used to control access to entry points within 
the target code segment. The gate descriptors are caM 
gates, task gates, interrupt gates and trap gates. Gates 
provide a level of indirection between the source and 
destination of the control transfer. This indirection allows 
the CPU to automatically perform protection checks and 
control entry point of the destination. Call gates are used 
to change privilege levels (see Privilege), task gates are 
used to perform a task switch, and interrupt and trap 
gates are used to specify interrupt service routines. The 
interrupt gate disables interrupts (resets IF) while the 
trap gate does not. 

Fig. 13 shows the format of the gate descriptors. The 
descriptor contains a destination pointer that points to 
the descriptor of the target segment and the entry point 
offset. The destination selector in an interrupt gate, trap 
gate, and call gate must refer to a code segment descrip- 
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tor. These gate descriptors contain the entry point to 
prevent a program from constructing and using an illegal 
entry point. Task gates may only refer to a task state 



Fig. 13 -GATE DESCRIPTOR FORMAT 
Gate Descriptor 
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Gate Descriptor Fields 



Name 


Value 


Description 


TYPE 


4 
5 
6 
7 


- Call Gate 

- Task Gate 

- Interrupt Gate 

- Trap Gate 


P 



1 


— Descriptor Contents are 
not valid. 

— Descriptor Contents are 
valid. 


DPL 


0-3 


Descriptor Privilege Level 


WORD 
COUNT 


0-31 


Number of words to copy 
from callers stack to called 
procedures stack. Only 
used with call gate. 


DESTINATION 
SELECTOR 


16-bit 
selector 


Selector to the target code 
segment (Call, Interrupt or 
Trap Gate) 

Selector to the target task 
state segment (Task Gate) 


DESTINATION 
OFFSET 


16-bit 
offset 


Entry point within the 
target code segment 



segment. Since task gates invoke a task switch, the destina- 
tion offset is not used in the task gate. 

Exception 13 is generated when the gate is ued if a destina- 
tion selector does not refer to the correct descriptor type. 
The word count field is used in the call gate descriptor to 
indicate the number of parameters (0-31 words) to^be 
automatically copied from the caller's stack to the stack 
of the called routine when a control transfer changes 
privilege levels. The word count field is not used by any 
other gate descriptor. 

The access byte format is the same for all gate descrip- 
tors. P = 1 indicates that the gate contents are valid. P 
= indicates the contents are not valid and causes ex- 
ception 11 if referenced. DPL is the descriptor privilege 
level and specifies when this descriptor may be used by 
a task (refer to privilege discussion below). Bit 4 must 
equal to indicate a system control descriptor. The type 
field specifies the descriptor type as indicated in Fig. 13. 

SEGMENT DESCRIPTOR CACHE REGISTERS 

A segment descriptor cache register is assigned to each 
of the four segment registers (OS, SS, DS, ES). Segment 
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descriptors are automatically loaded (cached) into a seg- 
ment descriptor cache register (Fig. 14) whenever the 
associated segment register is loaded with a selector. Only 
segment descriptors may be loaded into segment descriptor 
cache registers. Once loaded, all references to that segment 
of memory use the cached descriptor information instead 
of reaccessing the descriptor. The descriptor cache registers 
are not visible to programs. No instructions exist to store 
their contents. They only change when a segment register 
is loaded. 

SELECTOR FIELDS 

A protected mode selector has three fields: descriptor 
entry index, local or global descriptor table indicator (Tl), 
and selector privilege (RPL) as shown in Fig. 15. These 
fields select one of two memory based tables of descrip- 
tors, select the appropriate table entry and allow high- 
speed testing of the selector's privilege attribute. 

LOCAL AND GLOBAL DESCRIPTOR TABLES 

Two tables of descriptors, called descriptor tables, con- 
tain all descriptors accessible by a task at any given time. 
A descriptor table is a linear array of up to 8192 descrip- 
tors. The upper 13 bits of the selector value are an index 
into a descriptor table. Each table has a 24-bit base register 
to locate the descriptor table in physical memory and 
a 16-bit limit register that confine descriptor access to 
the defined limits of the table as shown in Fig. 16. A 
restartable exception (13) will occur if an attempt is made 
to reference a descriptor outside the table limits. 

One table, called the Global Descriptor Table (GDT), 
contains descriptors available to all tasks. The other table, 
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called the Local Descriptor Table (LDT), contains descrip- 
tors that can be private to a task. Each task may have 
its own private LDT. The GDT may contain all descriptor 
types except interrupt and trap descriptors. The LDT may 
contain only segment, task gate, and call gate descriptors. 
A segment cannot be accessed by a task if its segment 
descriptor does not exist in either descriptor table at the 
time of access. 

The LGDT and LLDT instructions load the base and limit 
of the global and local descriptor tables. LGDT and LLDT 
are privileged, i.e. they may only be executed by trusted 
programs operating at level 0. The LGDT instruction loads 
a six byte field containing the 16-bit table-limit and 24-bit 
physical base address of the Global Descriptor Table as 
shown in Fig. 17. The LDT instruction loads a selector 
which refers to a Local Descriptor Table descriptor con- 
taining the base address and limit for an LDT, as shown 
in Fig. 12. 
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INTERRUPT DESCRIPTOR TABLE 

The protected mode MBL 80286 has a third descriptor 
table, called the Interrupt Descriptor Table (IDT) (see Fig. 
18), used to define up to 256 interrupts. It may contain 
only task gates, interrupt gates and trap gates. The IDT 
(Interrupt Descriptor Table) has a 24-bit physical base 
and 16-bit limit register in the CPU. The privileged LIDT 
instruction loads these registers with a six byte value of 
identical form to that of the LGDT instruction (see Fig. 
17 and Protected Mode Initialization). 
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References to IDT entries are made via INT instructions, 
external interrupt vectors, or exceptions. The IDT must 
be at least 256 bytes in size to allocate space for all reserved 
interrupts. 

Privilege 

The MBL 80286 has a four-level hierarchical privilege 
system which controls the use of privileged instructions 
and access to descriptors (and their associated segments) 
within a task. Four-level privilege, as shown in Fig. 19, is an 
extension of the user/supervisor mode commonly found 
in minicomputers. The privilege levels are numbered 
through 3. Level is the most privileged level. Privilege 
levels provide protection within a task. (Tasks are isolated 
by providing private LDT's for each task.) Operating 
system routines, interrupt handlers, and other system soft- 
ware can be included and protected within the virtual 
address space of each task using the four levels of privilege. 
Each task in the system has a separate stack for each of 
its privilege levels. 



Fig. 19 -HIERARCHICAL PRIVILEGE LEVELS 
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Tasks, descriptors, and selectors have a privilege level 
attribute that determines whether the descriptor may be 
used. Task privilege effects the use of instructions and 
descriptions. Descriptor and selector privilege only effect 
access to the descriptor. 

TASK PRIVILEGE 

A task always executes at one of the four privilege levels. 
The task privilege level at any specific instant is called 
the Current Privilege Level (CPL) and is defined by the 
lower two bits of the CS register. CPL cannot change 
during execution in a single code segment. A task's CPL 
may only be changed by control transfers through gate 
descriptors to a new code segment (See Control Transfer). 



Tasks begin executing at the CPL value specified by the 
code segment selector within TSS when the task is initiated 
via a task switch operation (See Fig. 20). A task executing 
at Level can access all data segments defined in the 
GDT and the task's LDT and is considered the most trusted 
level. A task executing a Level 3 has the most restricted 
access to data and is considered the least trusted level. 

DESCRIPTOR PRIVILEGE 

Descriptor privilege is specified by the Descriptor Privilege 
Level (DPL) field of the descriptor access byte. DPL 
specifies the least trusted task privilege level (CPL) at 
which a task may access the descriptor. Descriptors with 
DPL = are the most protected. Only tasks executing 
at privilege level (CPL = 0) may access them. Descrip- 
tors with DPL = 3 are the least protected (i.e. have the 
least restricted access) since tasks can access them when 
CPL = 0, 1, 2, or 3. This rule applies to all descriptors, 
except LDT descriptors. 

SELECTOR PRIVILEGE 

Selector privilege is specified by the Requested Privilege 
Level (RPL) field in the least significant two bits of a 
selector. Selector RPL may establish a less trusted privilege 
level than the current privilege level for the use of a selec- 
tor. This level is called the task's effective privilege level 
(EPL). RPL can only reduce the scope of a task's access 
to data with this selector. A task's effective privilege 
is the numeric maximum of RPL and CPL. A selector 
with RPL = imposes no additional restriction on its 
use while a selector with RPL = 3 can only refer to seg- 
ments at privilege Level 3 regardless of the task's CPL. 
RPL is generally used to verify that pointer parameters 
passed to a more trusted procedure are not allowed to 
use data at a more privileged level than the caller (refer 
to pointer testing instructions). 

Descriptor Access and Privilege Validation 

Determining the ability of a task to access a segment 
involves the type of segment to be accessed, the instruc- 
tion used, the type of descriptor used and CPL, RPL, 
and DPL. The two basic types of segment accesses are 
control transfer (selectors loaded into CS) and data (selec- 
tors loaded into DS, ES or SS). 

DATA SEGMENT ACCESS 

Instructions that load selectors into DS and ES must 
refer to a data segment descriptor or readable code seg- 
ment descriptor. The CPL of the task and the RPL of the 
selector must be the same as or more privileged (numerical- 
ly equal to or lower than) than the descriptor DPL. In 
general, a task can only access data segments at the same 
or less privileged levels than the CPL or RPL (whichever 
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is numerically higher) to prevent a program from accessing 
data it cannot be trusted to use. 

An exception to the rule is a readable conforming code 
segment. This type of code segment can be read from 
any privilege level. 

If the privilege checks fall (e.g. DPL is numerically less 
than the maximum of CPL and RPL) or an incorrect type 
of descriptor is referenced (e.g. gate descriptor or exe- 
cute only code segment) exception 13 occurs. If the seg- 
ment is not present, exception 1 1 is generated. 

Instructions that load selectors into SS must refer to data 
segment descriptors for writable data segments. The de- 
scriptor privilege (DPL) and RPL must equal CPL All 
other descriptor types or a privilege level violation will 
cause exception 13. A not present fault causes excep- 
tion 12. 

CONTROL TRANSFER 

Four types of control transfer can occur when a selector 
is loaded into CS by a control transfer operation (see 
Table 10). Each transfer type can only occur if the opera- 
tion which loaded the selector references the correct 
descriptor type. Any violation of these descriptor usage 
rules (e.g. JMP through a call gate or RET to a Task State 
Segment) will cause exception 13. 

The ability to reference a descriptor for control transfer 
is also subject to rules of privilege. A CALL or JUMP 
instruction may only reference a code segment descrip- 
tor with DPL equal to the task CPL or a conforming seg- 



ment with DPL of equal or greater privilege than CPL. 
The RPL of the selector used to reference the code de- 
scriptor must have as much privilege as CPL. 

RET and I RET instructions may only reference code 
segment descriptors with descriptor privilege equal to or 
less privileged than the task CPL. The selector loaded 
into CS is the return address from the stack. After the 
return, the selector RPL is the task's new CPL. If CPL 
changes, the old stack pointer is popped after the return 
address. 

When a JMP or CALL references a Task State Segment 
descriptor, the descriptor DPL must be the same or less 
privileged than the task's CPL. Reference to a valid Task 
State Segment descriptor causes a task switch (see Task 
Switch Operation). Reference to a Task State Segment 
descriptor at a more privileged level than the task's CPL 
generates exception 13. 

When an instruction or interrupt references a gate de- 
scriptor, the gate DPL must have the same or less privilege 
than the task CPL. If DPL is at a more privileged level 
than CPL, exception 13 occurs. If the destination selector 
contained in the gate references a code segment descrip- 
tor, the code segment descriptor DPL must be the same 
or more privileged than the task CPL. If not. Exception 
13 is issued. After the control transfer, the code segment 
descriptors DPL is the task's new CPL. If the destination 
selector in the gate references a task state segment, a task 
switch is automatically performed (see Task Switch Opera- 
tion). 



Table 10 -DESCRIPTOR TYPES USED FOR CONTROL TRANSFER 



Control Transfer Types 


Operation Types 


Descriptor 
Referenced 


Descriptor 
Table 


Intersegment within the same privilege level 


JMP, CALL, RET, IRET* 


Code Segment 


GDT/LDT 


Intersegment to the same or higer privilege level Interrupt 
within task may change CPL 


CALL 


Call Gate 


GDT/LDT 
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Exception, External 
Interrupt 


Trap or 

Interrupt 

Gate 
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Intersegment to a lower privilege level (changes task CPL) 
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Code Segment 
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GDT 
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CALL, JMP 
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Interrupt Instruction, 
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Task Gate 
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* NT (Nested Task bit of flag word) = 
** NT (Nested Task bit of flag word) = 1 
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The privilege rules on control transfer require: 

— JMP or CALL direct to a code segment (code segment 
descriptor) can only be to a conforming segment with 
DPL of equal or greater privilege than CPL or a non- 
conforming segment at the same privilege level. 

— interrupts within the task or calls that may change 
privilege levels, can only transfer control through a 
gate at the same or a less privileged level than CPL to 
a code segment at the same or more privileged level 
than CPL. 

— return instructions that don't switch tasks can only re- 
turn control to a code segment at the same or less 
privileged level. 

— task switch can be performed by a call, jump or inter- 
rupt which references either a task gate or task state 
segment at the same or less privileged level. 

PRIVILEGE LEVEL CHANGES 

Any control transfer that changes CPL within the task, 
causes a change of stacks as part of the operation. Initial 
values of SS:SP for privilege levels 0, 1, and 2 are kept 
in the task state segment (refer to Task Switch Opera- 
tion). During a JMP or CALL control transfer, the new 
stack pointer is loaded into the SS and SP registers and 
the previous stack pointer is pushed onto the new stack. 

When returning to the original privilege level, its stack is 
restored as part of the RET or I RET instruction opera- 
tion. For subroutine calls that pass parameters on the 
stack and cross privilege levels, a fixed number of words, 
as specified in the gate, are copied from the previous 
stack to the current stack. The inter-segment RET in- 
struction with a stack adjustment value will correctly re- 
store the previous stack pointer upon return. 

Protection 

The MBL 80286 includes mechanisms to protect critical in- 
structions that affect the CPU execution state (e.g. HLT) 
and code or data segments from improper usage. These 
protection mechanisms are grouped into three forms: 

Restricted usage of segments (e.g. no write allowed 
to read-only data segments). The only segments availa- 
ble for use are defined by descriptors in the Local 
Descriptor Table (LDT) and Global Descriptor Table 
(GDT). 

Restricted access to segments via the rules of privilege 
and descriptor usage. 

Privileged instructions or operations that may only be 
executed at certain privilege levels as determined by 
the CPL and I/O Privilege Level (lOPL). The lOPL is 
defined by bits 14 and 13 of the flag word. 



Table 11 -SEGMENT REGISTER LOAD CHECKS 



Error Description 


Exception 
Number 


Descriptor table limit exceeded 


13 


Segment descriptor not-present 


11 or 12 


Privilege rules violated 


13 


Invalid descriptor/segment type segment 
register load: 

- Read only data segment load to SS 

- Special control descriptor load to DS, 
ES, SS 

- Execute only segment load to DS, ES, SS 

- Data segment load to CS 

- Read/Execute code segment load to SS 


13 



Table 12 -OPERAND REFERENCE CHECKS 



Error Description 


Exception 
Number 


Write into code segment 
Read from execute-only code segment 
Write to read-only data segment 
Segment limit exceeded 


13 

13 

13 

12or 13 



Note 1: Carry out in offset calculations is ignored. 

Table 13 - PRIVILEGED INSTRUCTION CHECKS 



Error Description 


Exception 
Number 


CPL ^ when executing the following 
instructions: 

LIDT, LLDT, LGDT, LTR, LMSW, CTS, 

HLT 


13 


CPL > lOPL when executing the following 
instructions: 

INS, IN, OUTS, OUT, STI, CLI, LOCK 


13 



These checks are performed for all instructions and can 
be split into three categories: segment load checks (Table 
11), operand reference checks (Table 12), and privileged 
instruction checks (Table 13). Any violation of the rules 
shown will result in an exception. A not-present exception 
related to the stack segment causes exception 12. 

The I RET and POPF instructions do not perform some of 
their defined functions if CPL is not of sufficient privilege 
(numerically small enough). Precisely these are: 

• The IF bit is not changed if CPL > lOPL 

• The lOPL field of the flag word is not changed if CPL 
>0. 

No exceptions or other indication are given when these 
conditions occur. 

EXCEPTIONS 

The MBL 80286 detects several types of exceptions and 
interrupts, in protected mode (see Table 14). Most are 
restartable after the exceptional condition is removed. 
Interrupt handlers for most exceptions can read an error 
code, pushed on the stack after the return address, that 
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Table 14 - PROTECTED MODE EXCEPTIONS 



Interrupt 
Vector 


Function 


Return Address 
At Failing 
Instruction? 


Always 
Restartable? 


Error Code 
on Stack? 


8 
9 

10 
11 
12 
13 


Double exception detected 

Processor extension segment overrun 

Invalid task state segment 

Segment not present 

Stack segment overrun or stack segment not present 

General protection 


Yes 
No 
Yes 
Yes 
Yes 
Yes 


No2 
No2 
Yes 
Yes 
Yesi 
No2 


Yes 
No 
Yes 
Yes 
Yes 
Yes 



NOTE 1: When a PUSHA or POPA instruction attempts to wrap around the stack segment, the machine state after the ex- 
ception will not be restartable because stack segment wrap around is not permitted. This condition is identified by 
the value of the saved SP being eigher 0000(H), 0001 (H), FFFE(H), or FFFF(H). 

NOTE 2: These exceptions indicate a violation to privilege rules or usage rules has occurred. Restart is generally not attempted 
under those conditions. 



identifies the selector involved (0 if none). The return 
address normally points to the failing instruction, including 
all leading prefixes. For a processor extension segment over- 
run exception, the return address will not point at the 
ESC instruction that caused the exception; however, the 
processor extension registers may contain the address 
of the failing instruction. 

These exceptions indicate a violation to privilege rules 
or usage rules has occurred. Restart is generally not 
attempted under those conditions. 

All these checks are performed for all instructions and 
can be split into three categories: segment load checks 
(Table 11), operand reference checks (Table 12), and 
privileged instruction checks (Table 13). Any violation 
of the rules shown will result in an exception. A not- 
present exception causes exception 11 or 12 and is re- 
startable. 

Special Operations 

TASK SWITCH OPERATION 

The MBL 80286 provides a built-in task switch operation 
which saves the entire MBL 80286 execution state (regis- 
ters, address space, and a link to the previous task), loads a 
new execution state, and commences execution in the 
new task. Like gates, the task switch operation is invoked 
by executing an inter-segment JMP or CALL instruction 
which refers to a Task State Segment (TSS) or task gate 
descriptor in the GDT or LDT. An INT instruction, excep- 
tion, or external interrupt may also invoke the task switch 
operation by selecting a task gate descriptor in the as- 
sociated IDT descriptor entry. 

The TSS descriptor points at a segment (see Fig. 20) 
containing the entire MBL 80286 execution state while a 



task gate descriptor contains a TSS selector. The limit 
field of the descriptor must be > 002B(H). 

Each task must have a TSS associated with it. The current 
TSS is identified by a special register in the MBL 80286 
called the Task Register (TR). This register contains a 
selector referring to the task state segment descriptor 
that defines the current TSS. A hidden base and limit 
register associated with TR are loaded whenever TR is 
loaded with a new selector. 

The I RET instruction is used to return control to the 
task that called the current task or was interrupted. 
Bit 14 in the flag register is called the Nested Task (NT) 
bit. It controls the function of the I RET instruction. If 
NT = 0, the I RET instruction performs the regular cur- 
rent task return by popping values off the stack; when 
NT = 1, I RET performs a task switch operation back 
to the previous task. 

When a CALL, JMP, or INT instruction initiates a task 
switch, the old and new TSS will be marked busy and 
the back link field of the new TSS set to the old TSS 
selector. The NT bit of the new task is set by CALL or 
INT initiated task switches. An interrupt that does not 
cause a task switch will clear NT. NT may also be set 
or cleared by POPF or I RET instructions. 

The task state segment is marked busy by changing the 
descriptor type field from Type 1 to Type 3. Use of a 
selector that references a busy task state segment causes 
Exception 13. 

PROCESSOR EXTENSION CONTEXT SWITCHING 

The context of a processor extension (such as the 80287 
numerics processor) is not changed by the task switch 
operation. A processor extension context need only be 
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changed when a different task attempts to use the pro- 
cessor extension (which still contains the context of a 
previous task). The MBL 80286 detects the first use of a 
processor extension after a task switch by causing the 
processor extension not present exception (7). The inter- 
rupt handler may then decide whether a context change 
is necessary. 

Whenever the MBL 80286 switches tasks, if sets the Task 
Switched (TS) bit of the MSW. TS indicates that a pro- 
cessor extension context may belong to a different task 
than the current one. The processor extension not present 



exception (7) will occur when attempting to execute 
an ESC or WAIT instruction if TS = 1 and a processor 
extension is present (MP = 1 in MSW). 

POINTER TESTING INSTRUCTIONS 

The MBL 80286 provides several instructions to speed 
pointer testing and consistency checks for maintaining 
system integrity (see Table 15). These instructions use 
the memory management hardware to verify that a selector 
value refers to an appropriate segment without risking an 
exception. A condition flag (ZF) indicates whether use of 
the selector or segment will cause an exception. 



Fjg.20-TASK STATE SEGMENT AND TSS REGISTERS 
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FLAG WORD 



IP (ENTRY POINT) 
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SP FOR CLL2 
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TYPE 


DESCRIPTION 
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3 
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Table 15 - MBL 80286 POINTER TEST INSTRUCTIONS 



instruction 


Operands 


Function 


ARPL 


Selector, 
Register 


Adjust Requested Privilege Level: 
adjusts the RPL of the selector to 
the numeric maximum of current 
selector RPL value and the RPL 
value in the register. Set zero flag 
if selector RPL was changed by 
ARPL. 


VERR 


Selector 


VERify for Read: sets the zero 
flag if the segment referred to by 
the selector can be read. 


VERW 


Selector 


VERify for Write: sets the zero flag 
if the segment referred to by the 
selector can be written. 


LSL 


Register, 
Selector 


Load Segment Limit: reads the 
segment limit into the register if 
privilege rules and descriptor type 
allow. Set zero flag if successful. 


LAR 


Register, 
Selector 


Load Access Rights: reads the 
descriptor access rights byte into 
the register if privilege rules allow. 
Set zero flag if successful. 



DOUBLE FAULT AND SHUTDOWN 

If two separate exceptions are detected during a single 
instruction execution, the MBL 80286 performs the double 
fault exception (8). If an exception occurs during pro- 
cessing of the double fault exception, the MBL 80286 will 
enter shutdown. During shutdown no further instructions 
or exceptions are processed. Either NMI (CPU remains 
in protected mode) or RESET (CPU exits protected mode) 
can force the MBL 80286 out of shutdown. Shutdown is 
externally signalled via a HALT bus operation with A1 
HIGH. 

PROTECTED MODE INITIALIZATION 

The MBL 80286 initially executes in real address mode 
after RESET. To allow initialization code to be placed 
at the top of physical memory, A23-A20 will be HIGH 
When the MBL 80286 performs memory references relative 
to the CS register until CS is changed. A23-A20 will be 
zero for references to the DS, ES, or SS segments. Changing 
CS in real address mode will force A23-A20 LOW when- 
ever CS is used again. The initial CS:IP value of FOOO:FFFO 
provides 64K bytes of code space for initialization code 
without changing CS. 

Protected mode operation requires several registers to 
be initialized. The GOT and IDT base registers must refer 
to a valid GDT and IDT. After executing the LMSW in- 



struction to set PE, the MBL 80286 must immediately 
execute an intra-segment JMP instruction to clear the 
instruction queue of instructions decoded in real address 
mode. 

To force the MBL 80286 CPU registers to match the initial 
protected mode state assumed by software, execute a 
JMP instruction with a selector referring to the initial 
TSS used in the system. This will load the task register, 
local descriptor table register, segment registers and initial 
general register state. The TR should point at a valid TSS 
since any task switch operation involves saving the current 
task state. 

SYSTEM INTERFACE 

The MBL 80286 system interface appears in two forms: a 
local bus and a system bus. The local bus consists of ad- 
dress, data, status, and control signals at the pins of the 
CPU. A system bus is any buffered version of the local 
bus. A system bus may also differ from the local bus in 
terms of coding of status and control lines and/or timing 
and loading of signals. The MBL 80286 family includes 
several devices to generate standard system buses such 
as the IEEE 796 standard Multibus"^"^*. 

Bus Interface Signals and Timing 

The MBL 80286 microsystem local bus interfaces the 
MBL 80286 to local memory and I/O components. The 
interface has 24 address lines, 16 data lines, and 8 status 
and control signals. 

The MBL 80286 CPU, MBL 82284 clock generator, 
MBL 82288 bus controller, Intel 82289 bus arbiter, 
MBL 8286/7 transceivers, and MBL 8282/3 latches provide 
a buffered and decoded system bus interface. The 
MBL 82284 generates the system clock and synchronizes 
READY and RESET. The MBL 82288 converts bus opera- 
tion status encoded by the MBL 80286 into command and 
bus control signals. The 82289 bus arbiter generates Multi- 
bus bus arbitration signals. These components can provide 
the timing and electrical power drive levels required for 
most system bus interfaces including the Multibus. 

Physical Memory and I/O Interface 

A maximum of 16 megabytes of physical memory can 
be addressed in protected mode. One megabyte can be 
addressed in real address mode. Memory is accessible 
as bytes or words. Words consist of any two consecutive 
bytes addressed with the least significant byte stored in 
the lowest address. 

Byte transfers occur on either half of the 16-bit local data 
bus. Even bytes are accessed over D7— DO while odd bytes 
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are transferred over D15-D8. Even -ad dressed words are 
transferred over D15-D0 in one bus cycle, while odd- 
addressed words require two bus operations. The first trans- 
fers data on D15-D8, and the second transfers data on 
D7-D0. Both byte data transfers occur automatically, 
transparent to software. 

Two bus signals, AO and BHE, control transfers over the 
lower and upper halves of the data bus. Even address 
byte transfers are indicated by AO LOW and BHE HIGH. 
Odd address byte transfers are indicated by AO HIGH 
and BHE LOW. Both AO and BHE are LOW for even ad- 
dress word transfers. 

The I/O address space contains 64K addresses in both 
modes. The I/O space is accessible as either bytes or words, 
as is memory. Byte wide peripheral devices may be attached 
to either the upper or lower byte of the data bus. Byte- 
wide I/O devices attached to the upper data byte (D15-D8) 
are accessed with odd I/O addresses. Devices on the lower 
data byte are accessed with even I/O addresses. An inter- 
rupt controller such as MBL8259A must be connected to 
the lower data byte (D7-D0) for proper return of the inter- 
rupt vector. 

Bus Operation 

The MBL 80286 uses a double frequency system clock 
(CLK input) to control bus timing. All signals on the local 
bus are measured relative to the system CLK input. The 
CPU divides the system clock by 2 to produce the internal 
processor clock, which determines bus state. Each pro- 
cessor clock is composed of two system clock cycles 
named phase 1 and phase 2. The MBL 82284 clock genera- 
tor output (PCLK) identifies the next phase of the pro- 
cessor clock. (See Fig. 21.) 



Fig. 21 - SYSTEM AND PROCESSOR CLOCK 
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Six types of bus operations are supported; memory read, 
memory write, I/O read, I/O write, interrupt ackowl- 
edge, and halt/shutdown. Data can be transferred at a 
maximum rate of one word per two processor clock cycles. 

The MBL 80286 bus has three basic states: idle (Ti), send 



status (Ts), and perform command (Tc). The MBL 80286 
CPU also has a fourth local bus state called hold (Th). Th 
indicates that the MBL 80286 has surrendered control of 
the local bus to another bus master in response to a HOLD 
request. 

Each bus state is one processor clock long. Fig. 22 shows 
the four MBL 80286 local bus states and allowed transi- 
tions. 
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Bus States 

The idle (Ti) state indicates that no data transfers are 
in progress or requested. The first active state Ts is 
signaled by status line 81 or SO going LOW and identi- 
fying phase 1 of the processor clock. During Ts, the 
command encoding, the address, and data (for a write 
operation) are available on the MBL 80286 output pins. 
The MBL 82288 bus controller decodes the status signals 
and generates Multibus compatible read/write command 
and local transceiver control signals. 

After Ts, the perform command (Tc) state is entered. 
Memory or I/O devices respond to the bus operation 
during Tc, either transferring read data to the CPU or 
accepting write data. Tc states may be repeated as often 
as necessary to assure sufficient time for the memory 
or I/O device to respond. The READY signal determines 
whether Tc is repeated. A repeated Tc state is called a 
wait state. 

During hold (Th), the MBL 80286 will float all address, 
data, and status output pins enabling another bus master 
to use the local bus. The MBL 80286 HOLD input signal 
is used to place the MBL 80286 into the Th state. The 
MBL 80286 HLDA output signal indicates that the CPU 
has entered Th. 
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Fig. 23 - BASIC BUS CYCLE 



CLK 



^A^ 



-READ BUS CYCLE N- 



./. 




01 



-READ BUS CYCLE N+1- 
— Ts *i-" Tc- 



02 



01 I 02 




-2 PCLK CYCLE TRANSFE 



-2 PCLK CYCLE TRANSFER - I * / 

/ 1-4 2.5 CLOCK CYCLE ADDRESS TO DATA VA 



ER ^ 

LID m-\ 



A23-A0 )^( VALID ADDR (N) X(((( / VALID ADDR(N+1 ) X(((( 

_ __ ^\ ^^ ^/ 



READY 




D15-D0 ■ 



VALID READ 
DATA (N) 



VALID READ 
DATA (N + 1) 



PIPELINING: VALID ADDRESS (N+1) AVAILABLE IN LAST PHASE OF BUS CYCLE (N). 



Pipelined Addressing 

The MBL 80286 uses a local bus interface with pipelined 
timing to allow as much time as possible for data access. 
Pipelined timing allows a new bus operation to be initiated 
every two processor cycles, while allowing each individual 
bus operation to last for three processor cycles. 

The timing of the address outputs is pipelined such that 
the address of the next bus operation becomes available 
during the current bus operation. Or in other words, the 
first clock of the next bus operation is overlapped with 
the last clock of the current bus operation. Therefore, 
address decode and routing logic can operate in ad- 
vance of the next bus operation. External address latches 
may hold the address stable for the entire bus operation, 
and provide additional AC and DC buffering. 

The MBL 80286 does not maintain the address of the 
current bus operation during all Tc states. Instead, the 
address for the next bus operation may be emittpd during 
phase 2 of any Tc. The address remains valid during phase 
1 of the first Tc to guarantee hold time, relative to ALE, 
for the address latch inputs. 

Bus Control Signals 

The MBL 82288 bus controller provides control signals; ad- 
dress latch enable (ALE), Read/Write commands, data 
transmit/receive (DT/R), and data enable (DEN) that 
control the address latches, data transceivers, write enable. 



and output enable for memory and I/O systems. 

The Address Latch Enable (ALE) output determines when 
the address may be latched. ALE provides at least one 
system CLK period of address hold time from the end of 
the previous bus operation until the address for the next 
bus operation appears at the latch outputs. This address 
hold time is required to support Multibus®* and common 
memory systems. 

The data bus transceivers are controlled by MBL 82288 
outputs Data Enable (DEN) and Data Transmit/Receive 
(DT/R). DEN enables the data transceivers; while DT/R 
controls transceiver direction. DEN and DT/R are timed to 
prevent bus contention between the bus master, data 
bus transceivers, and system data bus transceivers. 

Command Timing Controls 

Two system timing customization options, command 
extension and command delay, are provided on the 
MBL 80286 local bus. 

Command extension allows additional time for external 
devices to respond to a command and is analogous to 
inserting wait states on the MBL 80286. External logic can 
control the duration of any bus operation such that the 
operation is only as long as necessary. The READY input 
signal can extend any bus operation for as long as neces- 
sary. 



1-28 



Multibus is a patented bus of Intel. 



FUJITSU MBL 80286-8 
IIIH^ MBL 80286-6 



Fig. 24-CMDLY CONTROLS THE LEADING EDGE OF COMMAND SIGNAL 
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Command delay allows an increase of address or write 
data setup time to system bus command active for any 
bus operation by delaying when the system bus com- 
mand becomes active. Command delay is controlled by 
the MBL 82288 CMDLY input. After Ts, the bus controller 
samples CMDLY at each failing edge of CLK. If CMDLY 
is HIGH, the MBL 82288 will not activate the command 
signal. When CMDLY is LOW, the MBL 82288 will activate 
the command signal. After the command becomes active, 
the CMDLY input is not sampled. 

When a command is delayed, the available response time 
from command active to return read data or accept write 
data is less. To customize system bus timing, an address 
decoder can determine which bus operations require 
delaying the command. The CMDLY input does not affect 
the timing of ALE, DEN, or DT/R. 

Fig. 24 illustrates four uses of CMDLY. Example 1 shows 
delaying the read command two system CLKs for cycle 
N-1 and no delay for cycle N, and example 2 shows delay- 
ing the read command one system CLK for cycle N-1 and 
one system CLK delay for cycle N. 

Bus Cycle Termination 



At maximum transfer rates, the MBL 80286 bus alternates 
between the status and command states. The bus status 
signals become inactive after Ts so that they may cor- 
rectly signal the start of the next bus operation after the 
completion of the current cycle. No external indication of 
Tc exists on the MBL 80286 local bus. The bus master and 
bus controller enter Tc directly after Ts and continue exe- 
cuting Tc cycles until terminated by READY. 



READY Operation 

The current bus master and MBL 82288 bus controller ter- 
minate each bus operation simultaneously to achieve 
maximum bus operation bandwidth. Both are informed 
in advance by READY active (open-collector output 
from MBL 82284) which identifies the last Tc cycle of the 
current bus operation. The bus master and bus controller 
must see the same sense of the READY signal, thereby 
requiring READY be synchronous to the system clock. 

Synchronous Ready 

The MBL 82284 clock generator provides READY syn- 
chronization from both synchronous and asynchronous 
sources (see Fig. 25). The synchronous ready input (SRDY) 
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Fig. 25 -SYNCHRONOUS AND ASYNCHRONOUS READY 
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NOTES: 

1. SRDYEN is active low. 



(SEE NOTES.) 



2. If SRDYE N is high, the state of SRDY will not effect READY 

3. ARDYEN is active low. 



of the clock generator is sampled with the failing edge 
of CLK at the end of phase 1 of each Tc. The state of 
SRDY is then broadcast to the bus nnaster and bus con- 
troller via the READY output line. 

Asynchronous Ready 

Many systems have devices or subsystems that are asynchro- 
nous to, the system clock. As a result, their ready outputs 
cannot be guaranteed to meet the MBL 82284 SRDY 
setup and hold time requirements. But the MBL 82284 
asynchronous ready input (ARDY) is designed to accept 
such signals. The ARDY input is sampled at the beginning 
of each Tc cycle by MBL 82284 synchronization logic. 
This provides one system CLK cycle time to resolve its 
value before broadcasting it to the bus master and bus 
controller. 



ARDY or ARDYEN must be HIGH at the end of Ts. 
ARDY cannot be used to terminate bus cycle with no 
wait states. 

Each ready input of the MBL 82284 has an enable pin 
(SRDYEN and ARDYEN) to select whether the current 
bus operation will be terminated by the synchronous or 
asynchronous ready. Either of the ready inputs may ter- 
minate a bus operation. These enable inputs are active 



low and have the same timing as their respective ready 
inputs. Address decode logic usually selects whether 
the current bus operation should be terminated by ARDY 
or SRDY. 

Data Bus Control 

Fig. 26, 27, and 28 show how the DT/R, DEN, data bus, 
and address signals operate for different combinations 
of read, write, and idle bus operations. DT/R goes active 
(LOW) for a read operation. DT/R remains HIGH before, 
during, and between write operations. 

The data bus is driven with write data during the second 
phase of Ts. The delay in write data timing allows the 
read data drivers, from a previous read cycle, sufficient 
time to enter 3-state OFF before the MBL 80286 CPU 
begins driving the local data bus for write operations. Write 
data will always remain valid for one system clock past the 
last Tc to provide sufficient hold time for Multibus or other 
similar memory or I/O systems. During write-read or write- 
idle sequences the data bus enters 3-state OFF during 
the second phase of the processor cycle after the last 
Tc. In a write-write sequence the data bus does not enter 
3-state OFF between Tc and Ts. 
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Bus Usage 

The MBL 80286 local bus may be used for several func- 
tions: instruction data transfers, data transfers by other 
bus masters, instruction fetching, processor extension data 



transfers, interrupt acknowledge, and halt/shutdown. This 
section describes local bus activities which have special 
signals or requirements. 



Fig. 26 -BACK TO BACK READ-WRITE CYCLES 
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Fig. 27 - BACK TO BACK WRITE-READ CYCLES 
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Fig. 28 -BACK TO BACK WRITE-WRITE CYCLES 
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HOLDandHLDA 

HOLD and HLDA allow another bus master to gain con- 
trol of the local bus by placing the MBL 80286 bus into 
the Th state. The sequence of events required to pass con- 
trol between the MBL 80286 and another local bus master 
are shown in Fig. 29. 

In this example, the MBL 80286 is initially in the Th state 
as signaled by HLDA being active. Upon leaving Th, as sig- 
naled by HLDA going inactive, a write operation is started. 
During the write operation another local bus master re- 
quests the local bus from the MBL 80286 as shown by the 
HOLD signal. After completing the write operation, the 
MBL 80286 performs one Ti bus cycle, to guarantee write 
data hold time, then enters Th as signaled by HLDA going 
active. 



The CMDLY signal and ARDY ready are used to start 
and stop the write bus command, respectively. Note that 
SRDY must be inactive or disabled by SRDYEN to guar- 
antee ARDY will terminate the cycle. 

instruction Fetching 

The MBL 80286 Bus Unit (BU) will fetch instructions 
ahead of the current instruction being executed. This 
activity is called prefetching. It occurs when the local bus 
would otherwise be idle and obeys the following rules: 



A prefetch bus operation starts when at least two bytes 
of the 6-byte prefetch queue are empty. 

The prefetcher normally performs word prefetches in- 
dependent of the byte alignment of the code segment 
base in physical memory. 

The prefetcher will perform only a byte code fetch opera- 
tion for control transfers to an instruction beginning on a 
numerically odd physical address. 

Prefetching stops whenever a control transfer or HLT 
instruction is decoded by the lU and placed into the 
instruction queue. 

In real address mode, the prefetcher may fetch up to 
6 bytes beyond the last control transfer or HLT instruc- 
tion in a code segment. 

In protected mode, the prefetcher will never cause a seg- 
ment overrun exception. The prefetcher stops at the last 
physical memory word of the code segment. Exception 
13 will occur if the program attempts to execute beyond 
the last full instruction in the code segment. 

If the last byte of a code segment appears on an even 
physical memory address, the prefetcher will read the 
next physical byte of memory (perform a word code 
fetch). The value of this byte is ignored and any at- 
tempt to execute if causes exception 13. 
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Fig. 29 -MULTIBUS WRITE TERMINATED BY ASYNCHRONOUS READ WITH BUS HOLD 
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Ts = STATUS CYCLE 
Tc = COMMAND CYCLE 
NOTES: 

1 . Status lines are not driven by MBL 80286, yet remain high due to pullup resistors in MBL 82288 and Intel 82289 during HOLD 
state. 

2. Address, M/IO and COD/INTA may start floating during any Tc depending on when internal MBL 80286 bus arbiter decides to 
release bus to external HOLD. The float starts in 02 of Tc. 

3. BHE and LOCK may start floating after the end of any Tc depending on when internal MBL 80286 bus arbiter decides to release 
bus to external HOLD. The float starts in 01 of Tc. 

4. The minimum HOLD to HLDA times is shown. Maximum is one Th longer. 

5. The earliest HOLD time is shown. It will always allow a subsequent memory cycle if pending is shown. 

6. The minimum HOLD to HLDA time is shown. Maximum is a function of the instruction, type of bus cycle and other machine 
status (i.e.. Interrupts, Waits, Lock, etc.) 

7. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example. Synchronous 
ready state is ignored after ready is signaled via the asynchronous input. 
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Processor Extension Transfers 

The processor extension interface uses I/O port addresses 
00F8(H), OOFA(H), and OOFC(H) which are part of the 
I/O port address range reserved by intel. An ESC instruc- 
tion with Machine Status Word bits EM = and TS = 
will perform I/O bus operations to one or more of these 
I/O port addresses independent of the value of lOPL and 
CPL. 

ESC instructions with memory references enable the 
CPU to accept PEREQ inputs for processor extension 
operand transfers. The CPU will determine the operand 
starting address and read/write status of the instruction. 
For each operand transfer, two or three bus operations 
are performed, one word transfer with I/O port address 
OOFA(H) and one or two bus operations with memory. 
Three bus operations are required for each word operand 
aligned on an odd byte address. 

Interrupt Acknowledge Sequence 

Fig. 30 illustrates an interrupt acknowledge sequence 
performed by the MBL 80286 in response to an INTR 
input. An interrupt acknowledge sequence consists of two 
INTA bus operations. The first allows a master MBL 8259A 
Programmable Interrupt Controller (PIC) to determine 
which if any of its slaves should return the interrupt 
vector. An eight bit vector is read on D0-D7 of the 
MBL 80286 during the second INTA bus operation to 
select an interrupt handler routine from the interrupt table. 

The Master Cascade Enable (MCE) signal of the MBL 82288 
is used to enable the cascade address drivers, during INTA 
bus operations (See Fig. 30), onto the local address bus 
for distribution to slave interrupt controllers via the system 
address bus. The MBL 80286 emits the LOCK signal 
(active LOW) during Ts of the first INTA bus operation, A 
local bus "hold" request will not be honored until the 
end of the second INTA bus operation. 

Three idle processor clocks are provided by the MBL 80286 
between INTA bus operations to allow for the minimum 
INTA to INTA time and CAS (cascade address) out delay 
of the MBL8259A. The second INTA bus operation must 
always have at least one extra Tc state added via logic 
controlling READY. A23-A0 are in 3-state OFF until after 
the first Tc state of the second INTA bus operation. This 
prevents bus contention between the cascade address 
drivers and CPU address drivers. The extra Tc state allows 
time for the MBL 80286 to resume driving the address 
lines for subsequent bus operations. 



Local Bus Usage Priorities 

The MBL 80286 local bus is shared among several internal 
units and external HOLD requests. In case of simultaneous 
requests, their relative priorities are: 



(Highest) 



(Lowest) 



Any transfers which assert LOCK either ex- 
plicitly (via the LOCK instruction prefix) or 
implicitly (i.e. segment descriptor access, 
interrupt acknowledge sequence, or an XCHG 
with memory). 

The second of the two byte bus operations 
required for an odd aligned word operand. 

The second or third cycle of a processor exten- 
sion data transfer. 

Local bus request via HOLD input. 

Processor extension data operand transfer via 
PEREQ input. 

Data transfer performed by EU as part of an 
instruction. 

An instruction prefetch request from BU. The 
EU will inhibit prefetching two processor 
clocks in advance of any data transfers to 
minimize waiting by EU for a prefetch to 
finish. 



Halt or Shutdown Cycles 

The MBL 80286 externally indicates halt or shutdown con- 
ditions as a bus operation. These conditions occur due to 
a HLT instruction or multiple protection exceptions while 
attempting to execute one instruction. A halt or shut- 
down bus operation is signalled when SI, SO and COD/ 
INTA are LOW and M/JO is HIGH. A1 HIGH indicates 
halt, and A1 LOW indicates shutdown. The MBL 82288 
bus controller does not issue ALE, nor is READY required 
to terminate a halt or shutdown bus operation. 

During halt or shutdown, the MBL 80286 may service 
PEREQ or HOLD requests. A processor extension seg- 
ment overrrun exception during shutdown will inhibit 
further service of PEREQ. Either NMI or RESET will 
force the MBL 80286 out of either halt or shutdown. An 
INTR, if interrupts are enabled, or a processor extension 
segment overrun exception will also force the MBL 80286 
out of halt. 
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BUS CYCLE TYPE I 



Fig. 30- INTERRUPT ACKNOWLEDGE SEQUENCE 
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NOTES: 

1. Data is ignored. 

2. First INTA cycle should have at least one wait state inserted to nneet MBL 8259A mininnum INTA pulse width. 

3. Second INTA cycle must have at least one wait state inserted since the CPU will not drive A23— AO, BHE, and LOCK until after 
the first Tc state. The CPU imposed one/clock delay prevents bus contention between cascade address buffer being disabled by 
MCE i and address outputs. Without the wait state, the MBL 80286 address will not be valid for a memory cycle started immedi- 
ately after the second INTA cycle. The MBL 8259A also requires one wait state for minimum INTA pulse width. 

4. LOCK is active for the first INTA cycle to prevent the Intel 82289 from releasing the bus between INTA cycles in a multi-master 
system. 

5. A23-A0 exits 3-state OFF during 02 of the second Tc in the INTA cycle. 
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Fig. 31 -BASIC MBL 80286 SYSTEM CONFIGURATION 
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SYSTEM CONFIGURATIONS 

The versatile bus structure of the MBL 80286 microsystem, 
with a full complement of support chips, allows flexible 
configuration of a wide range of systems. The basic con- 
figuration, shown in Fig. 31, is similar to an MBL 8086 
maximum mode system. It includes the CPU plus an 
MBL 8259A interrupt controller, MBL 82284 clock genera- 
tor, and the MBL 82288 bus controller. The MBL 8086 
latches (MBL 8282 and 8283) and transceivers (MBL 8286 
and 8287) may be used in an MBL 80286 microsystem. 

As indicated by the dashed lines in Fig. 31, the ability 
to add processor extensions is an integral feature of 
MBL 80286 microsystems. The processor extension inter- 
face allows external hardware to perform special func- 
tions and transfer data concurrent with CPU execution 
of other instructions. Full system integrity is maintained 
because the MBL 80286 supervises all data transfers and 
instruction execution for the processor extension. 



The MBL 80286 and Intel 80287 numeric data processor 
which includes the 80287 numeric processor extension 
(NPX) uses this interface. The MBL 80286 and Intel 80287 
microsystem has all the instructions and data types of an 
MBL 8086 and Intel 8087 or MBL 8088 and Intel 8087 
system. The 80287 NPX can perform numeric calculations 
and data transfers concurrently with CPU program execu- 
tion. Numerics code and data have the same integrity as 
all other information protected by the MBL 80286 protec- 
tion mechanism. 

The MBL 80286 can overlap chip select decoding and ad- 
dress propagation during the data transfer for the pre- 
vious bus operation. This information is latched into the 
MBL 8282/3's by ALE during the middle of a Ts cycle. The 
latched chip select and address information remains stable 
during the bus operation while the next cycles address is 
being decoded and propagated into the system. Decode 
logic can be implemented with a high speed bipolar PROM. 
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Fig. 32 -MULTIBUS® SYSTEM BUS INTERFACE 



MEMORY READ 

MEMORY WRITE 

I/O READ 

I/O WRITE 

INTERRUPT ACKNOWLEDGE 




SYNC READY- 
ENABLE 
ASYNC READY 
ENABLE 



ADDRESS BUS 



CHIP SELECT 



The optional decode logic shown in Fig. 31 takes advantage 
of the overlap between address and data of the MBL 80286 
bus cycle to generate advanced memory and lO-select 
signals. This minimizes system performance degradation 
caused by address propagation and decode delays. In ad- 
dition to selecting memory and I/O, the advanced selects 
may be used with configurations supporting local and 
system buses to enable the appropriate bus interface for 
each bus cycle. The COD/I NTA and M/IO signals are ap- 
plied to the decode logic to distinguish between interrupt, 



I/O, code and data bus cycles. 

By adding the 82289 bus arbiter chip the MBL 80286 
provides a Multibus system bus interface as shown in Fig. 
32. The ALE output of the MBL 82288 for the MULTIBUS 
bus is connected to its CMDLY input to delay the start of 
commands one system CLK as required to meet MULTI- 
BUS address and write data setup times. This arrangement 
will add at least one extra Tc state to each bus operation 
which uses the MULTIBUS. 
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Fig. 33 - MBL 80286 SYSTEM CONFIGURATION WITH DUAL-PORTED MEMORY 



DATA D15-D0 



^Zl 



MBL 82284 

CLOCK 

GENERATOR 



TT 




STATUS SO, SI, M/IO 



[7^ 



DECODE — 



^ 



M 



8207 

DRAM 

CONTROL 



7\ 



C 



^ C=[>°^^A 



-MULTIBUS SELECT 



(MRDC, MWTC) 



M 



ADDRESS A23-A0, BHE, LOCK 



A second MBL 82288 bus controller and additional latches 
and transceivers could be added to the local bus of Fig. 32. 
This configuration allows the MBL 80286 to support 
an on-board bus for local memory and peripherals, and 
the MULTIBUS for system bus interfacing. 



Fig. 33 shows the addition of dual ported dynamic memory 
between the MULTIBUS system bus and the MBL 80286 
local bus. The dual port interface is provided by the 8207 
Dual Port DRAM Controller. The 8207 runs synchronously 
with the CPU to maximize throughput for local memory 



Table 16 -MBL 80286 SYSTEMS RECOMMENDED PULL UP RESISTOR VALUES 



MBL 80286 Pin and Name 


Pullup Value 


Purpose 


4-ST 


■ 
20ka±10% 




5-SO 


Pull SO, SI , and PEACK inactive during MBL 80286 hold periods 




6-PEACK 




20kn±10% 




53 -ERROR 


Pull ERROR and BUSY inactive when 80287 not present 
(or temporarily removed from socket) 




54 - BUSY 




91012 ±5% 




63 - READY 


Pull READY inactive within required minimum time 
(Cl = 150pF, Ir <7mA) 
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references. It also arbitrates between requests from the 
local and system buses and performs functions such as 
refresh, initialization of RAM, and read/modify/write 
cycles. The 8207 combined with the 8206 Error Checking 
and Correction memory controller provide for single bit 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin with 

Respect to Ground -1.0 to +7V 

Power Dissipation 3.3 Watt 



error correction. The dual-ported memory can be combined 
with a standard MULTIBUS system bus interface to maxi- 
mize performance and protection in multiprocessor system 
configurations. 



*NOTE: Permanent device damage may occur if ABSO- 
LUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the 
conditions as detailed in the operational sections 
of this data sheet. Exposure to absolute maxi- 
mum rating conditions for extended periods may 
affect device reliability. 

NOTICE: Specifications contained within the following 
tables are subject to change. 



D.C. CHARACTERISTICS (Vcc = 5V ±5%, T 


A =0°Cto-K55°C,or 


TcASE=0°Cto+85°C) 




Symbol 


Parameter 


MBL 80286-6 
(6 MHz) 


MBL 80286-8 
(8 MHz) 


Unit 


Test Condition 


Min 


Max 


Min 


Max 


V,L 


Input LOW Voltage 


-0.5 


0.8 


-0.5 


0.8 


V 




V,H 


Input HIGH Voltage 


2.0 


Vcc+0.5 


2.0 


Vcc+0.5 


V 




V|LC 


CLK Input LOW Voltage 


-0.5 


0.6 


-0.5 


0.6 


V 




V,HC 


CLK Input HIGH Voltage 


3.8 


Vcc+0.5 


3.8 


Vcc+0.5 


V 




Vol 


Output LOW Voltage 




0.45 




0.45 


V 


loL = 2.0mA 


VOH 


Output HIGH Voltage 


2.4 




2.4 




V 


Iqh = -400mA 


'li 


Input Leakage Current 




±10 




±10 


mA 


OV^ViN^Vcc 


'iL 


Input Sustaining Current on 
BUSY and ERROR pins 


30 


500 


30 


500 


mA 


V|N=OV 


'lo 


Output Leakage Current 


■ 


±10 




±10 


mA 


0.45V^VouT^Vcc 


'lo 


Output Leakage Current 




±1 




±1 


mA 


0V^VouT = 0-45V 


'cc 


Supply Current (turn on, 0°C) 




600 




600 


mA 


Note 1 


CcLK 


CLK Input Capacitance 




20 




20 


pF 


Fc = 1MHz 


C|N 


Other Input Capacitance 




10 




10 


pF 


Fc = 1MHz 


Co 


Input/Output Capacitance 




20 




20 


pF 


Fc = 1MHz 



NOTE 1: Low temperature is worst case. 
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A.C. CHARACTERISTICS (Vcc = 5V ±5%, Ta = 0°C to + 55°C, or Tcase = 0°C to + 85°C) 

AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless otherwise noted. 



Symbol 


Parameter 


MBL 80286-6 
(6 MHz) 


MBL 80286-8 
(8 MHz) 


Unit 


Test Condition 


MIn 


Max 


Min 


Max 


1 


System Clock (CLK) Period 


83 


250 


62 


250 


ns 




2 


System Clock (CLK) LOW Time 


20 


225 


15 


225 


ns 


at 1.0V 


3 


System Clock (CLK) HIGH Time 


25 


230 


25 


235 


ns 


at 3.6V 


17 


System Clock (CLK) Rise Time 




lOi 




10 


ns 


1 .OV to 3.6V 


18 


System Clock (CLK) Fall Time 




10 




10 


ns 


3.6V to 1.0V 


4 


Asynch. Inputs Setup Time 


30 




20 




ns 


Note 1 


5 


Asynch. Inputs Hold Time 


30 




20 




ns 


Note 1 


6 


RESET Setup Time 


33 




28 




ns 




7 


RESET Hold Time 


5 




5 




ns 




8 


Read Data Setup Time 


20 




10 




ns 




9 


Read Data Hold Time 


8 




8 




ns 




10 




50 




38 




ns 




READY Setup Time 


11 




35 




25 




ns 




READY Hold Time 


12 




1 


55 


1 


40 


ns 


Note 2, Note 3 


Status/PEACK Valid Delay 


13 


Address Valid Delay 


1 


80 


1 


60 


ns 


Note 2, Note 3 


14 


Write Data Valid Delay 





65 





50 


ns 


Note 2. Note 3 


15 


Address/Status/Data Float Delay 





80 





50 


ns 


Note 2, Note 4 


16 


HLDA Valid Delay 





80 





50 


ns 


Note 2, Note 3 


19 


Address Valid to Status 
Valid Setup Time 


- 




38 






Note 3, 5, and 6 



NOTE 1: Asychronous inputs are INTR, NMI, HOLD, PEREQ, ERROR, and BUSY. This specification is given only for testing purposes, 

to assure recognition at a specific CLK edge. 
NOTE 2: Delay from 0.8V on the CLK, to 0.8V or 2.0V or float on the output as appropriate for valid or floating condition. 
NOTE 3: Output load: C|_ = lOOpF. 

NOTE 4: Float condition occurs when output current is less than l^o '" magnitude. 
NOTE 5: Delay measured from address either reaching 0.8V or 2.0V (Valid) to status going active reaching 2.0V or status going inactive 

reaching 0.8V. 
NOTE 6: For load capacitance of lOpF on Status/PEACK lines, subtract typically 7ns for 8mHz spec. 
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NOTE 7: AC Test Loading on Outputs 



DEVICE _ 
OUTPUT 



NOTE 8: AC Drive and Measurennent Points - CLK Input 



4.0V- 



CLK INPUT 



r3.6V 3.6V :; 

-1.0V I.OVn 



NOTE 9: AC Setup, Hold and Delay Tinne Measurement — General 




OTHER 
DEVldt 
INPUT 



DEVICE 
OUTPUT 
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WAVEFORMS 



MAJOR CYCLE TIMING 

BUS CYCLE TYPE 
CLK 



SI 'SO 




um.zolWMMUMm 



SRDY + SRDYEN 



ARDY + ARDYENN 



CMDLY^ 



DT/R 






^ @ W 



@ 



ADDRESS WTThC" VALID ADDRESS 



® h — 



y ^ validIfI^ 



VALID CONTROL )^///]1l(^ VALID CONTROL X VALID IF Ts 



— - C^^^ VALID WRITE DATA 



2mj 




NOTE: For timing requirements of the MBL 82284 and MBL 82288, refer to the data sheets of the MBL 82284 and MBL 82288. 
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WAVEFORMS (Continued) 



MBL 80286 ASYNCHRONOUS INPUT 
SIGNAL TIMING 

BUS CYCLE TYPE 

VcH 



PCLK 

(SEE NOTE 1.) 



INTR,NMI 
HOLD. PEREQ^ 
(SEE N0TE2.)i' 



ERROR, BUSY 7 
(SEE NOTE 2.)^ 




MBL 80286 RESET INPUT TIMING AND 
SUBSEQUENT PROCESSOR CYCLE PHASE 




NOTES: 

1. PCLK indicates which processor cycle phase will occur on the 
next CLK, PCLK may not indicate the correct phase until the 
first bus cycle is performed. 

2. These inputs are asynchronous. The setup and hold times shown 
assure recognition for testing purposes. 



NOTE: 

When RESET meets the setup time shown, the next CLK will start 
or repeat 02 of a processor cycle. 



EXITING AND ENTERING HOLD 



BUS CYCLE TYPE 
VcH 




BHE, LOCK — ^ ® 

A23-AP <SEE N0TE_5J^ 
M/IO, 
COD/INTA 



(SEE NOTE 6. 



(SEE NOTE 2.) 

@ I— „ -H ^ r- 



J — \_j — \ J \ / s r 



NOTES: 

1. These signals may not be driven by the MBL 80286 during the time shown. The worst case in terms of latest float time is shown. 

2. The data bus will be driven as shown if the last cycle before Ti in the diagram was a write Tc . 

3. The MBL 80286 floats its status pins during Th . External 20kfi resistors keep these signals high (see Table 16). 
^- For H OL D reque st set up to HLDA, refer to Fig. 29. 

5. BHE and LOCK are driven at this time but will not become valid until Ts . 

6. The data bus will remain in 3-state OFF if a read cycle is performed. 
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WAVEFORMS (Continued) 



MBL 80286 PEREQ/PEACK TIMING FOR ONE TRANSFER ONLY 

BUS CYCLE TYPE 

Ti Ts _ ^7^ .Jc Ts 



^CH 



CLK 




COD/INTA^^ 



I/O READ IF PROC. EXT. TO MEMORY 
MEMORY READ IF MEMORY TO PROC. EXT. 



MEMORY WRITE IF PROC. EXT. TO MEMORY 
I/O WRITE IF MEMORY TO PROC. EXT. 



/ 



@ 



PEACK 



MEMORY ADDRESS IF PROC. EXT. TO MEMORY TRANSFER 

I/O PORT ADDRESS OOFA(H) IF MEMORY TO PROC. EXT. TRANSFER 



xzx 



\_l/0 PORT ADDRESS OOFA(H) IF PROC. EXT. TO MEMORY TRANSFER 
^U. MEMORY ADDRESS IF MEMORY TO PROC. EXT. TRANSFER 



(SEE NOTE 1.) 



/ 



-(SEE NOTE 2.)- 



PEREQ 



© 



© 



ASSUMING WORD-ALIGNED MEMORY OPERAND. IF ODD ALIGNED, MBL 80286 TRANSFERS TO/FROM 
MEMORY BYTE-AT-A-TIME WITH MEMORY CYCLES. 



NOTES 

1 



PEACK always goes active during the first bus operation of a processor extension data operand transfer sequence. The first bus operation 

will be either a memory read at operand address or I/O read at port address OOFA(H). 

To prevent a second processor extension data operand transfer, the worst case maximum time (Shown above) is: 3x 0— (ij) max. — 

min. The actual, configuration dependent, maximum time is: 3x ©—0 max.— 0min.+ Ax2x 0. 

A is the number of extra Tc states added to either the first or second bus operation of the processor extension data operand transfer 

sequence. 
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WAVEFORMS (Continued) 



INITIAL MBL 80286 PIN STATE DURING RESET 



BUS CYCLE TYPE 




CLK 



(SEE NOTE 1.; 



S1-S0- 
PEACK- 



UNKNOWN 



A23-A0- 
BHE- 



M/IO- 
COD/INTA- 



UNKNOWN 



LOCK 



dataM^ 



AT LEAST 
'16 CLK PERIODS" 



17 



-•(5)— 



7 



(SEE NOTE 2.) 






@ 



@ 



7 



@ 



(SEE NOTE 3.1 



w '» 



^@"- 



UNKNOWN 



IF HOLD IS NOT ACTIVE (SEE NOTE 4.) 



NOTES: 

1 . Setup time for RESET t may be violated with the consideration that 01 of the processor clock may begin one system CLK period later. 

2. Setup and hold times for RESET I must be met for proper operation, but RESET i may occur during 01 or 02. 

3. The data bus is only guaranteed to be in 3-state OFF at the time shown. 

4. HOLD is acknowledged during RESET, causing HLDA to go active and the appropriate pins to float. If HOLD remains active while 
RESET goes inactive, the MBL 80286 remains in HOLD state and will not perform any bus accesses until HOLD is de-activated. 
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Fig. 35 - MBL 80286 INSTRUCTION FORMAT EXAMPLES 



BYTE 1 
7 6 5 4 3 2 1 


7 


6 


BYTE 2 
5 4 3 2 10 








II 


OPCODE d 


w mod 


reg 


r/m 










L 























BYTES 



BYTE 4 



r r r 1 

LOW DISP/DATa] HIGH DISP/DATa[ LOW DATA ] HIGH DATA ] 

1 L J I 

REGISTER OPERAND/REGISTERS TO USE IN OFFSET CALCULATION 

REGISTER OPERAND/EXTENSION OF OPCODE 

REGISTER MODE/MEMORY MODE WITH DISPLACEMENT LENGTH 

WORD/BYTE OPERATION 

DIRECTION IS TO REGISTER/DIRECTION IS FROM REGISTER 

OPERATION (INSTRUCTION) CODE 



A. SHORT OPCODE FORMAT EXAMPLE 



BYTE 1 BYTE 2 
7654321 07 65 4 3210 


7 6 


BYTE 3 

5 4 3 2 1 


1 


1 


TT 


II 


LONG OPCODE 


mod 


reg 


r/m 



LOW DISP 



HIGH DISP 



B. LONG OPCODE FORMAT EXAMPLE 



MBL 80286 INSTRUCTION SET SUMMARY 

Instruction Timing Notes 

The instruction clock counts listed below establish the 
maxinnum execution rate of the MBL 80286. With no de- 
lays in bus cycles, the actual clock count of an MBL 80286 
program will average 5% more than the calculated clock 
count, due to instruction sequences which execute faster 
than they can be fetched from memory. 

To calculate elapsed times for instruction sequences, 
multiply the sum of ail instruction clock counts, as listed 
in the table below, by the processor clock period. An 8 
MHz processor clock has a clock period of 125 nano- 
seconds and requires a MBL80286 system clock (CLK 
input) of 16 MHz. 

Instruction Clock Count Assumptions 

1. The instruction has been prefetched, decoded, and 
is ready for execution. Control transfer instruction clock 
counts include all time required to fetch, decode, and 
prepare the next instruction for execution. 

2. Bus cycles do not require wait states. 

3. There are no processor extension data transfer or 
local bus HOLD requests. 

4. No exceptions occur during instruction execution. 



Instruction Set Summary Notes 

Addressing displacements selected by the MOD field 
are not shown. If necessary they appear after the instruc- 
tion fields shown. 

Above/below refers to unsigned value 

Greater refers to positive signed value 

Less refers to less positive (more negative) signed values 

if d = 1 then to register; if d = then from register 

if w = 1 then word instruction; if w = then byte in- 
struction 
if s = then 16-bit immediate data form the operand 

if s = 1 then an immediate data byte is sign-extended 
to form the 16-bit operand 

X don't care 

z used for string primitives for comparison with ZF 
FLAG 
If two clock counts are given, the smaller refers to a register 
operand and the larger refers to a memory operand 

* = add one clock if offset calculation requires sum- 
ming 3 elements 
n = number of times repeated 
m = number by bytes of code in next instruction 
Level (L) — Lexical nesting level of the procedure 
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The following comments describe possible exceptions, 
side effects, and allowed usage for instructions in both 
operating modes of the MBL 80286. 

REAL ADDRESS MODE ONLY 

1. This is a protected mode instruction. Attempted execu- 
tion in real address mode will result in an undefined 
opcode exception (6), 

2. A segment overrun exception (13) will occur if a word 
operand reference at offset FFFF(H) is attempted. 



desination, and a segment not-present violation 
occurs, a stack exception (12) occurs. 

11. All segment descriptor accesses in the GDT or LDT 
made by this instruction will automatically assert 
LOCK to maintain descriptor integrity in multipro- 
cessor systems. 

12. JMP, CALL, INT, RET, I RET instructions referring to 
another code segment will cause a general protec- 
tion exception (13) if any privilege rule is violated. 



3. This instruction may be executed in real address 
mode to initialize the CPU for protected mode. 



13. A general protection exception (13) occurs if CPL 
^0. 



4. The lOPL and NT fields will remain 0. 

5. Processor extension segment overrun interrupt (9) 
will occur if the operand exceeds the segment limit. 

EITHER MODE 

6. An exception may occur, depending on the value of 
the operand. 



7. LOCK is automatically asserted regardless of the 
presence or absence of the LOCK instruction prefix. 



14. A general protection exception 
CPL> lOPL. 



(13) occurs if 



15. The IF field of the flag word is not updated if 
CPL > lOPL The lOPL field is updated only if 
CPL = 0. 

16. Any violation of privilege rules as applied to the 
selector operand do not cause a protection exception; 
rather, the instruction does not return a result and 
the zero flag is cleared. 



8. LOCK does not remain active between all operand 
transfers. 

PROTECTED VIRTUAL ADDRESS MODE ONLY 

9. A general protection exception (13) will occur if the 
memory operand can not be used due to either a 
segment limit or access rights violation. If a stack 
segment limit is violated, a stack segment overrun 
exception (12) occurs. 



17. If the starting address of the memory operand vio- 
lates a segment limit, or an invalid access is at- 
tempted, a general protection exception (13) will 
occur before the ESC instruction is executed. A stack 
segment overrun exception (12) will occur if the stack 
limit is violated by the operand's starting address. If 
a segment limit is violated during an attempted data 
transfer then a processor extension segment over- 
run exception (9) occurs. 



10. For segment load operations, the CPL, RPL, and 
DPL must agree with privilege rules to avoid an ex- 
ception. The segment must be present to avoid a 
not-present exception (11). If the 88 register is the 



18. The destination of an INT, JMP, CALL, RET or I RET 
instruction must be in the defined limit of a code seg- 
ment or a general protection exception (13) will occur. 
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MBL 80286 INSTRUCTION SET SUMMARY 














FUNCTION 


FORMAT 




CLOCK COUNT 


COMMENTS 


Real 
Address 
Mode 


Pro- 
tected 
Virtual 
Address 
Mode 


Real 
Address 
Mode 


Pro- 
tected 
Virtual 
Address 
Mode 


DATA TRANSFER 
MOV = Move: 

Register to Register/memory 

Register/memory to register 

Immediate to register/memory 

Immediate to register 

Memory to accumulator 

Accumulator to memory 

Register/memory to segment 
register 

Segment register to register/ 
memory 

PUSH = Push: 

Memory 
Register 
Segment register 






2,3* 
2,5* 
2,3* 

2 

5 

3 

2,5* 
2,3* 

5* 

3 

3 


2,3* 
2,5* 
2,3* 

2 

5 

3 

17,19* 
2,3* 

5* 

3 

3 


2 
2 
2 

2 
2 

2 
2 

2 
2 
2 


9 
9 
9 

9 
9 

9,10,11 
9 

9 
9 
9 


1 000 1 OOw 


mod reg r/m 


1 000 1 1 w 


mod reg r/m 


1 1 000 1 1 w 


mod 000 r/m 


data 


data if w = 1 | 


1 1 1 w reg 


data 


data if w = 1 




1 1 OOOOw 


addr-low 


addr-high 


1 1 000 1 w 


addr-low 


addr-high 


10001110 


mod reg r/m 










10 1 1 1 mod reg r/m 


11111111 mod 110 r/m 


10 10 reg 




reg 1 10 


Immediate 


1 1 1 s data 


data if s « 1 


3 


3 


2 


9 












PUSHA = Push Alt 


01 1 oooool 




17 


17 


2 


9 


POP = Pop: 

Memory 
Register 
Segment register 






5* 

5 

5 


5* 
5 
20 


2 
2 
2 


9 

9 

9,10,11 


10001111 


mod 000 r/m 


10 11 reg 


(reg=/:01) 


reg 111 






POPA * Pop AM 


01 1 00001 1 






19 


2 


9 


XCHG = Exchange: 

Register/memory with register 
Register with accumulator 

IN = Input from: 

Fixed port 
Variable port 

OUT = Output to: 

Fixed port 
Variable port 

XLAT = Translate byte to AL 
LEA = Load EA to register 
LDS = Load pointer to DS 
LES= Load pointer to ES 
LAHF = Load AH with flags 
SAHF = Store AH into flags 
PUSHF = Push flags 
POPF = Pop flags 




(mod ^11) 

(mod i^^^) 


3,5* 
3 

5 
5 

3 

3 

5 

3* 

7* 

7* 

2 

2 

3 

5 


3,5* 
3 

5 
5 

3 

3 

5 

3* 
21* 
21* 

2 

2 

3 

5 


2,7 

2 
2 

2 
2,4 


7,9 

14 
14 

14 
14 
9 

9,10,11 
9,10,11 

9 
9,15 


10000 1 1 w 


mod reg r/m 


10 10 reg 








1 1 1 1 w port 


1 1 1 1 1 Ow 






1 1 1 00 1 1 w 


port 


1 1 1 01 1 1 w 




110 10 111 


1000 1 10 1 


mod reg r/m 


110 10 1 


mod reg r/m 


1 1 0001 00 


mod reg r/m 


10011111 




10011110 


10011100 


10011101 







Shaded areas indicate instructions not available in MBL 8086, 88 microsystems. 
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MBL 80286 INSTURCTION SET SUMMARY (ContI 


nued) 












FUNCTION 


FORMAT 


CLOCK COUNT 


COMMENTS 


Real 
Address 
Mode 


Pro- 
tected 
Virtual 
Address 
Mode 


Real 
Address 
Mode 


Pro- 
tected 
Virtual 
Address 
Mode 


ARITHMETIC 
ADD = Add: 

Reg/memory with register to either 
Immediate to register/memory 
Immediate to accumulator 

ADC = Add with carry: 

Reg/memory with register to either 
Immediate to register/memory 
Immediate to accumulator 

INC = Increment: 

Register/memory 
Register 

SUB = Subtract: 

Reg/memory and register to either 
Immediate from register/memory 
Immediate from accumulator 

SBB = Subtract with borrow: 

Reg/memory and register to either 
Immediate from register/memory 
Immediate from accumulator 

DEC = Decrement: 

Register/memory 
Register 

CMP = Compare: 

Register/memory with register 
Register with register/memory 
Immediate with register/memory 
Immediate with accumulator 
NEG = Change sign 
AAA = ASCII adjust for add 
DAA = Decimal adjust for add 
A AS = ASCII adjust for subtract 
DAS = Decimal adjust for subtract 

MUL = Multiply (unsigned): 

Register-Byte 

Register-Word 

Memory-Byte 

Memory -Word 

IMUL = Integer multiply (signed): 

Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 






2,7* 

3,7* 

3 

2,7* 

3,7* 

3 

2,7* 
2 

2,7 

3,7* 

3 

2,7* 

3,7* 

3 

2,7* 
2 

2,6* 
2,7* 
3,6* 

3 

2 

3 

3 

3 

3 

13 
21 
16* 
24* 

13 
21 
16* 
24* 


2,7* 

3,7* 

3 

2,7* 

3,7* 

3 

2,7* 
2 

2,7* 

3,7* 

3 

2,7* 

3,7* 

3 

2,7* 
2 

2,6* 
2,7* 
3,6* 

3 

7* 

3 

3 

3 

3 

13 
21 
16* 
24* 

13 

21 

16* 

/24* 


2 
2 

2 
2 

2 

2 

2 

2 
2 

2 

2 
2 
2 

2 

2 
2 

2 
2 


9 
9 

9 
9 

9 

9 
9 

9 
9 

9 

9 
9 
9 

7 

9 
9 

9 
9 


OOOOOOd w 


mod reg r/m 




1 00 000 s w 


mod 000 r/m 


data 


data if s w=Ol| 


00000 1 Ow 


data 


data if w = 1 










1 d w mod reg r/m 




1 00000 sw mod 010 r/m data | data if s w = 01 1 


1 1 w data data if w = 1 








1 1 1 1 1 1 1 w 


mod 000 r/m 




10 reg 








00 1 1 Od w 


mod reg r/m 




1 000 00 s w 


mod 101 r/m 


data 


data if sw = 01 | 


00101 1 Ow 


data 


data if w = 1 










1 1 d w mod reg r/m 




1 s w mod 01 1 r/m 


data 1 data if sw=01 | 


1 1 1 w data 


data if w = 1 








1 1 1 1 1 1 1 w 


mod 001 r/m 




10 1 reg 








1 1 1 1 w 


mod reg r/m 




00 1 1 1 OOw 


mod reg r/m 


1 00 00 s w 


mod 1 1 1 r/m 


data \ data if s w = 01 | 


00 1 11 1 Ow 


data 


data if w = 1 




1 1 1 1 1 1 w 


mod Oil r/m 




00110111 






00100111 




00111111 


00101111 








1 1 1 1 1 1 w Imod 100 r/m 




1 1 1 1 1 1 w |mod 101 r/m 







Shaded areas indicate instructions not available in MBL 8086, 88 microsystems. 
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MBL 80286 INSTURCTION SET SUMMARY (Continued) 














CLOCK COUNT 


COMMENTS 




Pro- 




Pro- 


FUNCTION 


FORMAT 


Real 


tected 


Real 


tected 






Address 


Virtual 


Address 


Virtual 






Mode 


Address 
Mode 


Mode 


Address 
Mode 


ARITHEMETIC (Continued) 










IMUL = Integer innnnediate 
multiply (signed) 


1 10 1 s 1 1 mod reg r/m J data [data If s = | 


21,24* 


21,24* 


2 


^^''W'^'-■\ 


DIV = Divide (unsigned): 
Register-Byte 


1 1 1 1 1 1 w 1 mod 110 r/m 




14 


14 


6 


6 




Register-Word 




22 


22 


6 


6 


Mennory-Byte 




17* 


17* 


2,6 


6,9 


Memory-Word 

IDIV = Integer divide (signed): 






25* 


25* 


2,6 


6,9 


1 1 1 1 1 1 w 1 mod 111 r/m 


Register-Byte 




17 


17 


6 


6 


Register-Word 




25 


25 


6 


6 


Memory-Byte 




20* 


20* 


2,6 


6,9 


Memory-Word 

AAM = ASCII adjust for multiply 

AAD = ASCII adjust for divide 

CBW = Convert byte to word 

CWD = Convert word to double 
word 






28* 
16 
14 
2 

2 


28* 
16 
14 
2 

2 


2,6 


6,9 


11010100 


0000 10 10 




110 10 10 1 


0000 10 10 


100 1 1000 










100 1 100 1 


LOGIC 












Shift/Rotate Instructions: 

Register/Memory by 1 
Register/Memory by CL 






2,7* 

5-i-n,8+n* 


2,7* 

5-i-n,8-i-n* 


2 
2 


9 
9 


1 1 1 w 1 mod TTT r/m 


1 1 1 1 w 1 mod TTT r/m 


Register/Memory by Count 


1 1 w 1 mod TTT r/m count | 


5+n,8+n* 


5+n,8+n* 


2 


-r::ii:li 




TTT Instruction 












00 ROL 












00 1 ROR 












1 RCL 












1 1 RCR 












1 SHL/SAL 












1 1 SHR 












1 1 1 SAR 










AND = And: 

Reg/memory and register to either 
Immediate to register/memory 
Immediate to accumulator 

TEST = And function to flags, no res 






2,7* 

3,7* 

3 


2,7* 

3,7* 

3 


2 
2 


9 
9 


00 1 OOOd w 


mod reg r/m 




1 OOOOOOw 


mod 100 r/m 


data data if w = 1 | 


00 1 00 1 Ow 


data 


data if w = 1 


ult: 


Register/memory and register 

Immediate data and register/ 
memory 

Immediate data and accumulator 

OR = Or: 

Reg/memory and register to either 
Immediate to register/memory 
Immediate to accumulator 


1 1 w 1 mod reg r/m | 


2,6* 

3,6* 

3 

2,7* 

3,7* 

3 


2,6* 

3,6* 

3 

2,7* 

3,7* 

3 


2 
2 

2 
2 


9 
9 

9 
9 


1 1 1 1 1 1 w 1 mod 000 r/m | data | data if w = 1 | 




1 1 1 w f data ] data if w - 1 ] 






1 d w 1 mod reg r/m 


1 w 1 mod 001 r/m J^ data data if w = 1 | 


1 1 w 1 data 7 data if w = 1 





Shaded areas indicate instructions not available in MBL 8086,88 microsystems. 
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MBL 80286 INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 


FORMAT 






CLOCK COUNT 


COMMENTS 




Real 
Address 
Mode 


Pro- 
tected 
Virtual 
Address 
Mode 


Real 
Address 
Mode 


Pro- 
tected 
Virtual 
Address 
Mode 


LOGIC (Continued) 
XOR = Exclusive or: 

Reg/memory and register to either 
Immediate to register/memory 
Immediate to accumulator 

NOT = Invert register/memory 

STRING MANIPULATION: 
MOVS = Move byte/word 
CMPS = Compare byte/word 
SCAS = Scan byte/word 
LODS = Load byte/wd to AL/AX 
STOS = Stor byte/wd from AL/A 








2,7* 

3,7* 

3 

2,7* 

5 
8 
7 
5 
3 


2,7* 

3,7* 

3 

2,7* 

5 
8 

7 
5 
3 


2 
2 

2 

2 
2 
2 
2 
2 


9 
9 

9 

9 
9 
9 
9 
9 
~ 9;i4~ 

9,14 


00 1 1 OOd w 


mod reg r/m 




1 000000 w 


mod 110 r/m 


data data if w = 1 | 


00 1 1 01 Ow 


data 


data if w = 1 








1 1 1 1 01 1 w 


mod 010 r/m 


1 01 001 Ow 




1 1 00 1 1 w 


1 1 1 1 1 wj 


1 01 01 1 Ow 


1 1 1 1 w 


INS = Input byte/wd from DX port 

OUTS = Output byte/wd to DX 
port 


1 1 01 1 Ow 




5 
5 


5 
5 


2 
2 




1 1 1 1 1 w 


Repeated by count in CX 
MOVS = Move string 
CMPS = Compare string 
SCAS = Scan string 
LODS = Load string 
STOS = Store string 








5+4n 
5+9n 
5+8n 
5+4n 
4+3n 


5+4n 
5+9n 
5+8n 
5+4n 
4+3n 


2 

2,8 
2,8 
2,8 
2,8 


9 

8,9 
8,9 
8,9 
8,9 


11110011 


1 01 001 Ow 




1 1 1 1 00 1 z 


10 1001 1 w 


1 1 1 1 001 z 


1 1 1 1 1 w 


11110 10 


1010 1 1 w 


11110010 


1 1 1 1 w 


INS = Input stj-ing 
OUTS = Output string 


1111001 1 


01 1 1 1 Ow 




5+4n 
5+4n 


5+4r* 
5+4n 


2 
2 


9.14 
9,14 


11110011 


01 1 01 1 1 w 


CONTROL TRANSFER 
CALL = Call: 

Direct within segment 

Register/memory indirect 
within segment 

Direct intersegment 

Protected Mode Only (Direct Interse 

Via call gate to same privilege leve 

Via call gate to different privilege 
Via call gate to different privilege 
Via TSS 
Via task gate 
Indirect intersegment 






7+m 

7+m, 
11+m* 

13+m 
16+m 


7+m 

7+m, 
11+m* 

26+m 

41+m 

82+m 

86+4X 
+m 

177+m 
182+m 
29+m* 


2 

2,8 
2 

2 


18 
8,9,18 
11,12,18 

8,11,12 
18 

8,11,12 
18 

8,11,12 
18 

8,11,12 

18 
8,11,12 

18 

8,9,1 1 
12,18 


1110 1000 


disp-low 1 disp-high | 








11111111 


mod 010 r/m 






10011010 
gment): 

evel, no paramet 
evel, X parameter 


segment offset 


segment selector 


;rs 
s 


(mod :^11) 


11111111 


mod 01 1 r/m 







J 



Shaded areas indicate instructions not available in MBL 8086, 88 microsystems. 
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MBL 80286 INSTRUCTION SET SUMMARY (Continued) 










FUNCTION FORMAT 


CLOCK COUNT 


COMMENTS 


Real 
Address 
Mode 


Pro- 
tected 
Virtual 
Address 
Mode 


Real 
Address 
Mode 


Pro- 
tected 
Virtual 
Address 
Mode 


CONTROL TRANSFER (Continued) 










Protected Mode Only (Indirect intersegment): 










Via call gate to same privilege level 




44+m* 




8,9,1 1 
12,18 


Via call gate to different privilege level, no parameters 




83+m* 




8,9,1 1 
12,18 


Via call gate to different privilege level, x parameters 




90+4X 

+m* 




8,9,1 1 
12,18 


ViaTSS 




180+m* 




8.9,11 
12,18 


Via task gate 




185+m* 




8,9,11 
12,18 


JMP == Unconditional jump: 


7-t-m 

7+m 

7+m, 
11+m* 

11+m 


7+m 

7+m 

7+m, 
11+m* 

23+m 


2 


18 
18 

9,18 

11,12,18 


Short/long 1110 10 11 


disp-low 


Direct within segment 11 10 10 1 


disp-low disp-high | 




^^amem^'"''""''' '"'^"'''' ''"^'" M H 1 1 1 1 1 1 mod 100 r/ni | 


Direct intersegment | 1 1 1 1 1 | segment offset | 




segment selector | 


Protected Mode Only (Direct intersegment): 




Via call gate to same privilege level 




38+m 




8,11,12 
18 


Via TSS 




175+m 




8,11,12 
18 


Via task gate 


15-(-m* 


180+m 
26+m* 


2 


8,11,12 
18 

8,9,1 1 
12,18 


Indirect intersegment |l 1 1 1 1 1 1 1 | mod 101 r/m | (moduli) 


Protected Mode Only (Indirect Intersegment): 










Via call gate to same privilege level 




41+m* 




8,9,11 
12,18 


ViaTSS 




178+m* 




8,9,1 1 
12,18 


Via task gate 




183+m* 




8,9,11 
12,18 


RET = Return from CALL: 




11+m 
11+m 

15+m 
15+m 


11+m 
11+m 

25+m 


2 
2 

2 
2 


8,9,18 

8,9,18 

8,9,1 1 
12,18 

8,9,11 
12,18 


Within segment 1 10 1 1 


Within seg adding immed to SP 110 10 


data-low | data-high ) 


Intersegment | 1 1 00 1 1 1 




Inter^segmentaaamg.mmea.ate |ii001010| data-low | data-high | 


Protected Mode Only (RET): 


To different privilege level 




55+m 




9,11,12 
18 



Shaded areas indicate instructions not available in MBL 8086,88 microsystems. 
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MBL 80286 INSTURCTION SET SUMMARY (Continued) 










FUNCTION 


FORMAT 




CLOCK COUNT 


COMMENTS 


Real 
Address 
Mode 


Pro- 
tected 
Virtual 
Address 
Mode 


Real 
Address 
Mode 


Pro- 
tected 
Virtual 
Address 
Mode 


CONTROL TRANSFER (Continued 

JE/JZ = Jump on equal/zero | 

JL/JNGE = Jump on less/not 1 
greater or equal 1 

JLE/JNG = Jump on less or equal/ 1 
not greater 1 

JB/JNAE = Jump on below/not 1 
above or equal 1 

JBE/JNA = Jump on below or 1 
equal/not above 1 

JP/JPE = Jump on parity/parity 

even 1 

JO = Jump on overflow | 

JS = Jump on sign 

JNE/JNZ = Jump on not equal/not 
zero 

JNL/JGE = Jump on not less/ 
greater or euqal 

JNLE/JG = Jump on not less or 
equal/greater 

JNB/JAE = Jump on not below/ 
above or equal 

JNBE/JA = Jump on not below or 
equal/above 

JNP/JPO = Jump on not par/par 
odd 

JNO = Jump on not overflow 

JNS = Jump on not sign 

LOOP = Loop CX times 

LOOPZ/LOOPE = Loop while 
zero/equal 
LOOPNZ/LOOPNE = Loop while 
not zero/equal 

JCXZ = Jump on CX zero 


) 






7+m or 3 
7+mor 3 

7+m or 3 

7+m or 3 

7+mor 3 

7+m or 3 

7+m or 3 
7+m or 3 

7+m or 3 
7+m or3 
7+m or 3 
7+m or 3 
7+m or 3 

7+m or 3 

7+m or 3 
7+m or 3 
8+mor4 

8+mor4 
8+mor4 
8+mor4 


7+mor 3 
7+m or 3 

7+mor 3 

7+mor 3 

7+mor 3 

7+mor 3 

7+m or 3 
7+m or 3 

7+mor 3 
7+mor 3 
7+m or 3 
7+m or 3 
7+m or 3 

7+mor 3 

7+m or 3 
7+m or 3 
8+mor4 

8+mor4 
8+mor4 
8+mor4 




18 
18 

18 

18 

18 

18 

18 
18 

18 
18 
18 
18 
18 

18 

18 
18 
18 

18 
18 
18 


01110100 


disp 






1111100 


disp 






01111110 


disp 






1110010 


disp 






1110 110 


disp 






11110 10 


disp 






1110000 


disp 




1111000 


disp 








1110 10 1 


disp 






111110 1 


disp 






1111111 


disp 






01110011 


disp 






01110111 


disp 






11110 11 


disp 






1110001 


disp 


1111001 


disp 


11100010 


disp 






1 1 10000 1 


disp 






1 1 1 00000 


disp 






11100011 


disp 






ENTER = Enter Procedure 

L = 

L=1 

L>1 

LEAVE = Leave Procedure 


1 1001000 


iiiiiiiliilill^^^^^^^^^^^ 


11 

15 
16+4X 
(L-1) 

5 


11 

15 

16+4X 
(L-1) 

5 


2,8 
2,8 
2,8 

2,8 


8,9 
8,9 
8,9 

8,9 




iiK^^ 


11001001 


INT = Interrupt: 

Type specified 

Type 3 

INTO = Interrupt on overflow 






1 


23+m 

23+m 

24+mor3 

(3 if no 

interrupt) 


(3 if no 
interrupt) 


2,7,8 
2,7,8 
2,6,8 




11001101 


type 


11001100 




11001110 











Shaded areas indicate instructions not available in MBL 8086, 88 microsystems. 
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MBL 80286 INSTRUCTION SET SUMMARY (Continued) 










FUNCTION FORMAT 


CLOCK COUNT 


COMMENTS 


Real 
Address 
Mode 


Pro- 
tected 
Virtual 
Address 
Mode 


Real 
Address 
Mode 


Pro- 
tected 
Virtual 
Address 
Mode 


CONTROL TRANSFER (Continued) 
Protected Mode Only: 

Via interrupt or trap gate to same privilege level 
Via interrupt or trap gate to fit different privilege le 
Via Task Gate 


vel 


17+m 


40+m 
78-i-m 
167+m 
31+m 

55+m 
169+m 


2,4 


7,8,11 
12,18 

7,8,11 
12,18 

7,8,11 
12,18 

8,9,11 
12,15,18 

8,9,11 
12,15,18 

8,9,11 
12,18 


IRET = Interrupt return 


11001111 


Protected Mode Only: 

To different privilege level 

To differetit task (NT= 1) 




liuuivu = uetect value out ot 1 o 1 1 1 1 mod reg r/m 1 
range ■ ' ■ — -1 


13* 


13* 
(Use INT 

clock 
count if 
excep- 
tion 5) 


2,6 


6,8,9,11 
12,18 


PROCESSOR CONTROL 






2 
2 
2 
2 
2 
3 
2 
2 
3 



2 
2 
2 
2 
2 
3 
2 
2 
3 





14 
14 
13 

14 


CLC = Clear carry 

CMC = Complement carry 

STC = Set carry 

CLD - Clear direction 

STD = Set direction 

CLI = Clear interrupt 

STI = Set interrupt 

HLT = Halt 

WAIT = Wait 

LOCK = Bus lock prefix 


11111000 




11110 10 1 


11111001 


11111100 


1111110 1 


111110 10 


111110 11 


1 1 1 1 1 OJ 


10011011 


11110000 


CTS = Clear task switched flag 


0000 11 1 1 


00000 110 


2 


2 


3 


13 


ESC = Processor Extension Escape 


110 11 TTT 


mod LLL r/m 


9-20* 



9-20* 



5,8 


8,17 


SEG ~ Segment Override Prefix 


(TTT ILL are opcode to processor extension) 
1 reg 1 1 O] 


PROTECTION CONTROL 




11* 
11* 
12* 
12* 


11* 
11* 
12* 
12* 

17,19* 


2,3 
2,3 
2,3 
2,3 

1 


9,13 

9 
9,13 

9 

9,11,13 


table register 


0000 1111 


000 0000 1 1 mod 010 r/m | 






SGDT - Store global descriptor 
table register 


00001 1 1 1 


1 1 mod 000 r/m | 






LIDT - Load mterrupt descriptor 
table register 


0000 1111 


1 1 mod 01 1 r/m | 






SIDT = Store interrupt descriptor 
table register 

LLDT = Load local descriptor 


0000 1111 


1 1 mod 001 r/m | 






table register from 


0000 1111 


00000000 1 mod 010 r/m 1 


register memory 





Shaded areas indicate instructions not available in MBL 8086, 88 microsystems. 
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MBL 80286 INSTRUCTION SET SUMMARY (Continued) 










FUNCTION 


FORMAT 


CLOCK COUNT 


COMMENTS 


Real 
Address 
Mode 


Pro- 
tected 
Virtual 
Address 
Mode 


Real 
Address 
Mode 


Pro- 
tected 
Virtual 
Address 
Mode 


PROTECTION CONTROL (Continued) 










SLOT = Store. local descriptor 

table register to register/ 
memory 

LTR = Load task register from 
register/memory 

STR = Store task register to 
register memory 

LMSW = Load machine status word 
from register/memory 

SMSW = Store machine status word 

LAR = Load access rights from 
register/memory 

LSL = Load segment limit from 
register/memory 

ARPL = Adjust register 

privilege level from 
register/memory 

VERR - Verify read access: 
register/memory 

VERR = Verify write access: 




3,6* 
2,3* 


2,3* 

17,19* 

2,3* 

3,6* 

2,3* 

14,16* 

14,16* 

10*,11* 

14,16* 
14,16* 


1 

1 

1 

2,3 
2,3 
1 

1 

2 

1 
1 


9 
9,11,13 

;;V,,9,l:3V;,'\ 

;:::9;t:t0f| 

llliill 

lllllll 

iiiliii 


1 1 1 1 1 1 1 mod 000 r/m | 




1 1 1 1 1 1 1 mod 01 1 r/m | 




|00001111|00000000| mod 001 r/m | 




|0000111l|0000000l| mod 110 r/m | 




loOOOl 1 1 1 loOOOOOOl 1 mod 100 r/m | 




|00001 1 1 1 |00000010| mod reg r/m | 




|00001111|00000011| mod reg r/m | 




1 1 1 1 1 1 mod reg r/m | 




|00001 1 1 1 |00000000| mod 100 r/m | 




|00001 1 1 1 |00000000| mod 101 r/m | 



Shaded areas indicate instructions not available in MBL 8086, 88 microsystems. 
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Footnotes 

The effective Address (EA) of the memory operand is 
computed according to the mod and r/m fields: 

if mod = 00 then DISP = 0*, disp-low and disp-high are 
absent 
are absent 

f mod = 01 then DISP = disp-low sign-extended to 1 6-bits, 
disp-high is absent 
f mod = 10 then DISP = disp-high: disp-low 



REG is assigned according to the following table: 



f r/m = 000 then EA = 
f r/m = 001 then EA = 
f r/m = 010 then EA = 
f r/m = 011 then EA = 
f r/m= 100 then EA = 
f r/m = 101 then EA = 
f r/m= 110 then EA = 
f r/m = 1 1 1 then EA = 



(BX)+ (SI) +DISP 
(BX)-i-(DI)-HDISP 
(BP) + (SI) +DISP 
(BP) -i-(DI)-HDISP 
(SI) -HDISP 
(DI) + DISP 
(BP) -KDISP* 
(BX)-^DISP 



16-Bit (w = 1) 

000 AX 

001 CX 
010 DX 
Oil BX 

100 SP 

101 BP 

110 SI 

111 Dl 



8-Bit (w = 0) 

000 AL 

001 CL 
010 DL 
Oil BL 

100 AH 

101 CH 

110 DH 

111 BH 



The physical addresses of all operands addressed by the BP 
register are computed using the SS segment register. The 
physical addresses of the destination operands of the string 
primitive operations (those addressed by the Dl register) 
are computed using the ES segment, which may not be 
overridden. 



DISP follows 2nd byte of instruction (before data if re- 
quired) 

*except if mod = 00 and r/m =110 then EA = disp-high: disp-low 
SEGMENT OVERRIDE PREFIX 



1 reg 1 1 



reg is assigned according to the following: 



reg 


Segment Register 


00 


ES 


01 


CS 


10 


SS 


11 


DS 
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PACKAGE ILLUSTRATION 



CERAMIC LCC 
(METAL SEAL) 




PACKAGE DIMENSIONS (Suffix: -CV) 



68-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-68C-A01) 



INDEX AREA 



.670(1 7.02)SQ 



.940(23.88) , 



.960(24.38) 




.050(1.27) 



.036(0.91) 



.842(21.39) 
.858(21.79) 



TYP 
.110(2.79) 



C.040(1.02) 
TYP 7 



.842(21.39) 



.858(21.79) 



Dimension in 
inches (millinneters) 
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PACKAGE ILLUSTRATION 



CERAMIC PGA 
(METAL SEAL) 




PACKAGE DIMENSIONS (Suffix: -CR) 



68 LEAD CERAMIC (METAL SEAL) PIN GRID ARRAY 
(CASE No.: PGA-68C-A01) 



.050(1. 27)DIATYP 



.090(2.29) 
.110(2.79) 



o /o ooooooo 


/ 


ooooooo 


@ 


o 




o 


o o 







o o 




o o 


o 




o o 


o o 




o 


o o 




o O 


o o 




o o 


o @ 


ooooooo 


@ o 


OO o O DO O OOQ 


1.135(28.83)^^ 




1.165(29.59)^^ 


—1 



1 .000(25.40) 
REF 



.015(0.38) 



.020(0.51) 




.083(2.111 



.099(2.49) 



■045(1.14) 
.055(1.40) 



.100(2.54) 



.120(3.05) 
.185(4.70) 



INDEX AREA 



Dimension in 
inches(nnillimeters) 
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BIPOLAR CLOCK GENERATOR 
AND READY INTERFACE FOR 
MBL 80286 PROCESSORS 



82284-1 
82284-< 



December 1985 
Edition 1 .0 



BIPOLAR CLOCK GENERATOR AND READY INTERFACE 
FOR MBL 80286 PROCESSORS 

The Fujitsu MBL 82284 is a clock generator/driver which provides clock signals for MBL 80286 processors and support 
components. It also contains logic to supply READY to the CPU from either asynchronous or synchronous sources and 
synchronous RESET from an asynchronous input with hysteresis. 



• Generates System Clock for MBL 80286 
Processors 

• Uses Crystal or TTL Signal for Frequency 
Source 

• Provides Local READY and Multibus* 
READY Synchronization 



• Generates System Reset Output from 
Schmitt Trigger Input 

• Single +5V Power Supply 

• Two Package Options: 

- 18-pin Cerdip (Suffix: CZ) 

- 18-pin Plastic DIP (Suffix: P) 



XI- 
X2- 

EFI- 
F/C- 



ARDYEN- 



SR DYEN - 
SRDY- 



S1- 

so- 



Fig. 1 - BLOCK DIAGRAM 



SYNCHRONIZER 



XTAL 
OSC 




MU^ 



^z>- 



SYNCHRONIZER 



xy 



READY 
LOGIC 



X> 



PCLK 
GENERATOR 



-^READY 



— PCLK 



Fig. 2 -PIN CONFIGURATION 



ardyC 

srdy[^ 

srdyenQ 

READY []; 
EFC 
F/CQ 

xiC 

X2[[ 
GNDQ 



\U 



Uvc 



5 MBL 82284 14 

6 13 

7 12 

8 11 

9 10 



H ARDYEN 

Dso 
I]n.c. 

I] PCLK 
]] RESET 

Hres 

UCLK 



* Multibus is a patented bus of Intel. 

Portions Reprinted by permission of intel Corporation 

© Intel Corporation, 1982 

© FUJITSU LIMITED, 1985 
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PIN DESCRIPTION 

The following pin function descriptions are for the MBL 82284 clock generator. 
Table 1 - PIN DESCRIPTION 



Symbol 


Type 


Name and Function 


CLK 





System Clock is the signal used by the processor and support devices which must be synchro- 
nous with the processor. The frequency of the CLK output has twice the desired internal pro- 
cessor clock frequency. CLK can drive both TTL and MOS level inputs. 


F/C 


1 


Frequency/Crystal Select is a strapping option to select the source for the CLK output. When 
F/C is strapped LOW, the internal crystal oscillator drives CLK. When F/C is strapped HIGH, 
the EFI input drives the CLK output. 


XI, X2 


1 


Crystall In are the pins to which a parallel resonant fundamental mode crystal is attached for 
the internal oscillator. When F/C is LOW, the internal oscillator will drive the CLK output at 
the crystal frequency. The crystal frequency must be twice the desired internal processor clock 
frequency. 


EFI 


1 


External Frequency In drives CLK when the F/C input is strapped HIGH. The EFI input fre- 
quency must be twice the desired internal processor clock frequency. 


PCLK 





Peripheral Clock is an output which provides a 50% duty cycle clock with 1/2 the frequency of 
CLK. PCLK will be in phase with the internal processor clock following the first bus cycle after 
the processor has been reset. 


ARDYEN 


1 


Asynchronous Ready Enable is an active LOW input which qualifies the ARDY input. 
ARDYEN selects ARDY as the source of ready for the current bus cycle. Inputs to ARDYEN 
may be applied asynchronously to CLK. Setup and hold times are given to assure a guaranteed 
response to synchronous inputs. 


ARDY 


1 


Asynchronous Ready is an active LOW input used to terminate the current bus cycle. The 
ARDY input is qualified by ARDYEN. Inputs to ARDY may be applied asynchronously to 
CLK. Setup and hold times are given to assure a guaranteed response to synchronous inputs. 


SRDYEN 


1 


Synchronous Ready Enable is an active LOW input which qualifies SRDY. SRDYEN selects 
SRDY as the source for READY to the CPU for the current bus cycle. Setup and hold times 
must be satisfied for proper operation. ' 


SRDY 


1 


Synchronous Ready is an active LOW input used to terminate the current bus cycle. The SRDY 
input is qualified by the SRDYEN input. Setup and hold times must be satisfied for proper 
operation. 


READY 





Ready is an active LOW output which signals the current bus cycle is to be completed. The 
SRDY, SRDYEN, ARDY, ARDYEN, SI, SO and RES inputs control READY as explained 
later in the READY generator section. READY is an open collector output requiring an external 
910^ pullup resistor. 


SO,ST 


1 


Status inputs prepare the MBL 82284 for a subsequent bus cycle. SO and SI synchronize PCLK 
to the internal processor clock and control READY. These inputs have pullup resistors to keep 
them HIGH if nothing is driving them. Setup and hold times must be satisfied for proper 
operation. 


RESET 





Reset is an active HIGH output which is derived from the RES input. RESET is used to force 


the system into an initial state. When RESET is active, READY will be active (LOW). 


RES 


1 


Reset In is an active LOW input which generates the system reset signal RESET. Signals to 
RES may be applied asynchronously to CLK. A Schmitt trigger input is provided on RES, so 
that an RC circuit can be used to provide a time delay. Setup and hold times are given to assure 
a guaranteed response to synchronous inputs. 


Vcc 




System Power: -f5V power supply. 


GND 




System Ground: volts. 
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FUNCTIONAL DESCRIPTION 

INTRODUCTION 

The MBL 82284 generates the clock, ready, and reset sig- 
nals required for MBL 80286 processors and support 
components. The MBL 82284 is packaged in an 18-pin DIP 
and contains a crystal controlled oscillator, MOS clock 
generator, peripheral clock generator. Multibus ready 
synchronization logic and system reset generation logic. 

CLOCK GENERATOR 

The CLK output provides the basic timing control for an 
MBL 80286 system. CLK has output characteristics suffi- 
cient to drive MOS devices. CLK is generated by either an 
internal crystal oscillator or an external source as selected 
by the F/C strapping option. When F/C is LOW, the crystal 
oscillator drives the CLK output. When F/C is HIGH, 
the EFI input drives the CLK output. 
The MBL 82284 provides a second clock output (PCLK) 
for peripheral devices. PCLK is CLK divided by two. PCLK 
has a duty cycle of 50% and TTL output drive charac- 
teristics. PCLK is normally synchronized to the internal 
processor clock. 

After reset, the PCLK signal may be out of phase with the 
internal processor clock. The SI and SO signals of the first 
bus cycle are used to synchronize PCLK to the internal 
processor clock. The phase of the PCLK output changes 
by extending its HIGH time beyond one system clock 
(see waveforms). PCLK is forced HIGH whenever either SO 
or SI were active (LOW) for the two previous CLK cycles. 
PCLK continues to oscillate when both SO and S1 are 
HIGH. 

Since the phase of the internal processor clock will not 
change except during reset, the phase of PCLK will not 
change except during the first bus cycle after reset. 

OSCILLATOR 

The oscillator circuit of the MBL 82284 is a linear Pierce 
oscillator which requires an external parallel resonant, 
fundamental mode, crystal. The output of the oscillator 



Fig. 3 - RECOM MENDED CRYSTAL AND 
READY CONNECTIONS 



CZJ 



Cl:= =f:C2 

SEE TABLE 

2 FOR 
CAPACITOR 
VALUES -ri:r 



XI CLK 

MBL 82284 
X2 



F/C 



910 



18 



CLK 
MBL 80286 

CPU or 

SUPPORT 

COMPONENT 



READY 



DECOUPLING 
T CAPACITOR 



is internally buffered. The crystal frequency chosen should 
be twice the required internal processor clock frequency. 
The crystal should have a typical load capacitance of 32 pF. 

XI and X2 are the oscillator crystal connections. For 
stable operation of the oscillator, two loading capacitors 
are recommended, as shown in Table 2. The sum of the 
board capacitance and loading capacitance should equal 
the values shown. It is advisable to limit stray board capa- 
citances (not including the effect of the loading capacitors 
or crystal capacitance) to less than 10 pF between the 
XI and X2 pins. Decouple Vqc and GND as close to the 
MBL 82284 as possible. 

RESET OPERATION 

The reset logic provides the RESET output to force the 
system into a known, initial state. When the RES input is 
active (LOW), the RESET output becomes active (HIGH). 
RES is synchronized internally at the falling edge of CLK 
before generating the RESET output (see waveforms). 
Synchronization of the RES input introduces a one or two 
CLK delay before affecting the RESET output. 

At power up, a system does not have a stable S/qc ^^^ 
CLK. To prevent spurious activity, RES should be asserted 
until Vcc and CLK stabilize at their operating values. 
MBL 80286 processors and support components also re- 
quire their RESET inputs be HIGH a minimum of 16 CLK 
cycles. An RC network, as shown in Fig. 4, will keep 
RES LOW long enough to satisfy both needs. 



mi 



Fig. 4 - TYPICAL RC RES TIMING CIRCUIT 

Vcc 




MBL 82284 
^'RES 



=±riOjuF 



A Schmitt trigger input with hysteresis on RES assures a 
single transition of RESET with an RC circuit on RES. 
The hysteresis separates the input voltage level at which 
the circuit output switches between HIGH to LOW from 
the input voltage level at which the circuit output switches 
between LOW to HIGH. The RES HIGH to LOW input 
transition voltage is lower than the RES LOW to HIGH 
input transition voltage. As long as the slope of the RES 
input voltage remains in the same direction (increasing 
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or decreasing) around the RES input transition voltage, the 
RESET output will make a single transition. 

READY OPERATION 

The MBL 82284 accepts two ready sources for the systenn 
ready signal which terminates the current bus cycle. Either 
a synchronous (SRDY) or asynchronous ready (ARDY) 
s ource ma y be used. Each ready input has an enable 
(SRDYEN and ARDYEN) for selecting the type of ready 
source required to terminate the current bus cycle. An 
address decoder would normally select one of the enable 
inputs. 



READY is enabled (LOW), if either SRDY + SRDYEN 
= or AR DY + A RDYEN = when sampled by the 
MBL 82284 READY generation logic. READY will remain 
active for at least two CLK cycles. 



The READY output has an open-collector driver allowing 
other ready circuits to be wire or'ed with it, as shown in 
Fig. 3. The READY signal of an MBL 80286 system re- 
quires an external 9100 ±5% pull-up resistor. To force 
the READY signal inactive (HIGH) at the start of a bus 



cycle, the READY output floats when either ST or SO are 
sampled LOW at the falling edge of CLK. Two system 
clock periods are allowed for the pull-up resistor to pull 
the READY signal to V|h . When RESET is active, READY 
is forced active one CLK later (see waveforms). 



Fig. 5 illustrates the operation of SRDY and SRDYEN. 
These inputs are sampled on the falling edge of CLK when 
ST and SO are inactive and PCLK is HIGH. READY is 
forced active when both SRDY and SRDYEN are sampled 
as LOW. 



Fig. 6 shows the operation of ARDY and ARDYEN. 
These inputs are sampled by an internal synchronizer at 
each falling edge of CLK. The output of the synchronizer 
is then sampled when PCLK is HIGH. If the synchronizer 
resolved both the ARDY and ARDYEN have been resolved 
as active, the SRDY and SRDYEN inputs are ignored. 



Either ARDY or ARDYEN must be HIGH at end of TS 
(see Fig. 6). 

READY remains active until either SI or SO are sampled 
LOW, or the ready inputs are sampled as inactive. 



Table 2 - MBL 82284 CRYSTAL LOADING CAPACITANCE VALUES 



Crystal Frequency 


CI Capacitance (pin 7) 


C2 Capacitance (pin 8) 


1 to 8 MHz 
8 to 16 MHz 


60 pF 
25 pF 


40 pF 
15 pF 



NOTE: Capacitance values must include stray board capacitance. 



Fig. 5 -SYNCHRONOUS READY OPERATION 

I TS I TC I TC I 



SI -SO 
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Fig. 6 -ASYNCHRONOUS READY OPERATION 

I TS I TC I TC 



CLK 




ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias C to 70 C 

Storage Temperature -65°Cto +150°C 

All Output and Supply Voltages -0.5V to +7V 

All Input Voltages -1 .OV to +5.5V 

Power Dissipation , . 1 Watt 



*NOTE: Permanent device damage may occur if ABSO- 
LUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the 
conditions as detailed in the operational sections 
of this data sheet. Exposure to absolute maxi- 
mum rating conditions for extended periods may 
affect device reliability. 



D.C. CHARACTERISTICS (Vcc = 5V±5%, Ta = 


0°C to 70°C) 










Symbol 


Parameter 


MBL 82284-6 
(6 MHz) 


MBL 82284-8 
(8 MHz) 


Unit 


Test Condition 


Min 


Max 


Min 


Max 


V,L 


Input LOW Voltage 




0.8 




0.8 


V 




V,H 


Input HIGH Voltage 


2.0 




2.0 




V 




V|HR 


RES and EFI Input HIGH Voltage 


2.6 




2.6 




V 




Vhys 


RES Input Hysteresis 


0.25 




0.25 




V 




Vol 


RESET, PCLK Output LOW Voltage 




0.45 




0.45 


V 


loL = 5mA 


VoH 


RESET, PCLK Output HIGH Voltage 


2.4 




2.4 




V 


loH = -1mA 


VoLR 


READY Output LOW Voltage 




0.45 




0.45 


V 


loL = 7mA 


VOLC 


CLK Output LOW Voltage 




0.45 




0.45 


V 


loL = 5mA 


VoHC 


CLK Output HIGH Voltage 


4.0 




4.0 




V 


loH = -SOOmA 


Vc 


Input Forward Clamp Voltage 




-1.0 




-1.0 


V 


Ic = -5mA 


If 


Forward Input Current 




-0.5 




-0.5 


mA 


Vp = 0.45V 


Ir 


Reverse Input Current 




50 




50 


MA 


Vr=Vcc 


Ice 


Power Supply Current 




145 




145 


mA 




c, 


Input Capacitance 




10 




10 


PF 


Fc = 1MHz 
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A.C. CHARACTERISTICS (Vcc = 5V±5%,Ta = 0°C to 70°C) 

AC timings are referenced to 0.8V and 2.0V points of signals as illustrated in datasheet waveforms, unless otherwise noted. 



Symbol 


Parameter 


MBL 82284-6 
(6 MHz) 


MBL 82284-8 
(8 MHz) 


Unit 


Test Condition 


Min 


Max 


Min 


Max 


1 


EFI to CLK Delay 




35 




30 


ns 


at 1 .5V Note 1 


2 


EFI LOW Time 


40 




25 




ns 


at 1.5V Note 1, Note 7 


3 


EFI HIGH Time 


35 




25 




ns 


at 1.5V Note 1, Note 7 


4 


CLK Period 


83 


500 


62 


500 


ns 




5 


CLK LOW Time 


20 




15 




ns 


at 1.0V Note 1, Note 2, 8 


6 


CLK HIGH Time 


25 




25 




ns 


at 3.6V Note 1, Note 2, 8 


7 


CLK Rise Time 




10 




10 


ns 


1.0V to 3.6V Note 1 


8 


CLK Fall Time 




10 




10 


ns 


3.6V to 1.0V Note 1 


9 


Status Setup Time 


28 




22 




ns 


Note 1 


10 


Status Hold Time 


1 




1 




ns 


Note 1 


11 


SRDY or SRDYEN Setup Time 


25 




15 




ns 


Note 1 


12 


SRDY or SRDYEN Hold Time 












ns 


Note 1 


13 


ARDY or ARDYEN Setup Time 


5 









ns 


Note 1 , Note 3 


14 


ARDY or ARDYEN Hold Time 


30 




30 




ns 


Note 1 , Note 3 


15 


RES Setup Time 


25 




20 




ns 


Note 1, Note 3 


16 


RES Hold Time 


10 




10 




ns 


Note 1 , Note 3 


17 


READY Inactive Delay 


5 




5 




ns 


at 0.8V Note 4 


18 


READY Active Delay 





33 





24 


ns 


at 0.8V Note 4 


19 


PCLK Delay 





45 





45 


ns 


Note 5 


20 


RESET Delay 


5 


50 


5 


34 


ns 


Note 5 


21 


PCLK LOW Time 


t4-20 




t4-20 




ns 


Note 5, Note 6 


22 


PCLK HIGH Time 


t4-20 




t4-20 




ns 


Note 5, Note 6 



NOTE 1: 
NOTE 2: 



NOTE 3: 
NOTE 4: 

NOTE 5: 
NOTE 6: 
NOTE 7: 



CLK loading: C|_ = 150pF. 

With the internal crystal oscillator using recommended crystal and capacitive loading; or with the EFIinput meeting specifications 
t2, and t3. Use a parallel-resonant, fundamental mode crystal. The recommended crystal loaidng for CLK frequencies of 8-16MHz 
are 25pF from pin XI to ground, and 15pF from pin X2 to ground. These recommended values are ±5pF and include all stray capa- 
citance. Decouple Vcc ^nd GND as close to the MBL 82284 as possible. 

This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at specific CLK edge. 
READY loading: Iql = 7mA, Cl = 150pF. In system application, use 910 12 ±5% pullup resistor to meet MBL 80286-8 and 
80286-6 timing requirements. 

PCLK and RESET loading: Cl = 75pF. PCLK also has 750 n pullup. 
t4 refers to any allowable CLK period. 
When driving the MBL 82284 with EFI, provide minimum EFI HIGH and LOW times as follows: 



CLK Output Frequency: 


8MHz 
CLK 


12MHz 
CLK 


16MHz 
CLK* 


Min. required EFI HIGH time 


52ns 


35ns 


25ns 


Min. required EFI LOW time 


52ns 


40ns 


25ns 



*At CLK frequencies above 12MHz, CLK output HIGH and LOW times are guaranteed only when using crystal with recommended 
capacitive loading per Table 2, not when driving component from EFI. All features of the MBL 82284 remain functional whether 
EFI or crystal is used to drive the MBL 82284. 

When using crystal (with recommended capacitive loading per Table 2) appropriate for speed of MBL 80286, CLK output HIGH 
and LOW times guaranteed to meet MBL 80286 requirements. 
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NOTE 9: EF I Drive and Measurement Points 
2.4V j 
I.5V7P- -V1.5V 



2A\J n 
1 5v/ 

0.45V / 



NOTE 10: CLK Output Measurement Points 



3.6V^ 
\XiM4- 




NOTE 11: AC Setup, Hold and Delay Time Measurement — General 




OTHER 
DEVICE 
OUTPUT 



NOTE 12: AC Test Loading on Outputs 



75012 4 



75pFI= 



910 12^ 



150pFIp 



Other 
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WAVEFORMS 



CLK AS A FUNCTION OF EFI 



@ @ 



NOTE: The EFI input LOW and HIGH times as shown are required 
to guarantee the CLK LOW and HIGH tinnes shown. 



RESET AND READY TIMING A^A FUNCTION OF RES 
WITH SI AND SO HIGH 



CLK 



RES ;^ 




RESET t^^P-t 



on '^ Trevi ous T 
of A RES / 



-^@ 



\ 



@ 



> 



Note 2 



NOTE 1: This is an asynchronous input. The setup and hold times 

shown are required to guarantee the response shown. 
NOTE 2: Tie 91 tt ±5% pullup resistor to the READY output. 



MBL 82284-8 Fujitsu 
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READY AND PCLK TIMING WITH RES HIGH 



SI, SO 



SRDY 



®t®^ 



@ 






XUndefmed Y if this is 7 
first \ bus cycle / 



@ 



^: 



-@- 




©^ 

t^ 



-@- 



NOTE 1: This is an asynchronous input. The setup and hold tinnes 

shown are required to guarantee the response shown. 
NOTE 2: Tie 910 fi ±5% pullup resistor to the READY output. 
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PACKAGE ILLUSTRATION 



CERAMIC PACKAGE 
(CERDIP) 




PACKAGE DIMENSIONS (Suffix: CZ) 



18-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE 
(CASE No. : DIP-18C-C01) 



R.025(0.64) 
REF 



■^ 



.882(22.40) 



.912(23.16) 



7.67) 



.305(7.75) 
.325(8.26) 



A 



0°~15° 



.300(7.62)TYP 




.008(0.20) 
.014(0.36) 



-^ 


— .056(1. 42)MAX 
























Mr 


l/~a r\ r\j\j\r\ 


1 




















.090(2.29) 


L -A 


.032(0.81 


I 






.110(2.79) 




1 TYP 


.020(0.51) 
.050 1 .27) 




.04 
.06 


2(1.07) 
2(1.58) 


800(20 


32)RE 


F 


-^ 


.013 
' .023 


(0.33) 
(0.58) 





.200(5.08) MAX 



.120(3.05) 
.150(3.81) 



D1985 FUJITSU D18005S-1C 



Dimensions in 
inches (millimeters) 



1-68 



MBL 82284-8 Fujitsu 
MBL82284-6 IH^^^^^^^^^^^^^^ 



PACKAGE ILLUSTRATION 




PACKAGE DIMENSIONS (Suffix: P) 



18-LEAD PLASTIC DUAL-IN-LINE PACKAGE 
(CASE No.: DIP-18P-M02) 



Pnr^r^r^r^r^r^r^rn 



(EJECTOR MARK) 



P 



.850(21.60) 



.876(22.25) 



.240(6.10) 
.260(6.60) 



,i. 



.290(7.37) 
.310(7.87) 



-. 049(1. 25)MAX 



Wn 



^Mm^- 



.197(5.00)MAX 



.020(0.51 
.016(0.40) MIN 



©1985 FUJITSU D18009S-1C 



Dimensions in 
inches (millimeters) 
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NMOS BUS CONTROLLER FOR MBL 80286 PROCESSORS 



The Fujitsu MBL 82288 Bus Controller is a 20-pin NMOS component for use in MBL 80286 microsystems. The bus 
controller provides command and control outputs with flexible timing options. Separate command outputs are used 
for memory and I/O devices. The data bus is controlled with separate data enable and direction control signals. 

Two modes of operation are possible via a strapping option: Multibus compatible bus cycles, and high speed bus cycles. 



• Provides Commands and Control for 
Local and System Bus 

• Offers Wide Flexibility in System 
Configurations 

• Flexible Command Timing 

• Optional Multibus* Compatible Timing 



• Control Drivers with 16 mA Iql and 3-State 
Command Drivers with 32 mA Iql 

• Single +5V Supply 

• Two Package Options: 

-20-Pin Cerdip (Suffix: -CZ) 
-20-Pin Plastic DIP (Suffix: -P) 



Fig. 1 - BLOCK DIAGRAM 



so- 
sT- 

M/ro- 



CLK — 

CONTROL 

INPUTS 

CEN/AEN- 

CENL- 

CMDLY— 



STATUS 
DECODER 



COMMAND 
OUTPUT 
LOGIC 



STATE 
MACHINE 



CONTROL 
INPUT 
LOGIC 



CONTROL 

OUTPUT 

LOGIC 



3-STATE 

COMMAND 

OUTPUTS 

-^INTA 
-^FORC 
^lOWC 



-MRDC 



-MWTC 



CONTROL 
OUTPUTS 

-^ DT/R 

^DEN 

■^ALE 

-^MCE 



Fig. 2 -PIN CONFIGURATION 



READY \2 

CLK C 

MCE \2 

ALE C 

MB \2 

CMDLY [I 

MRDC E 

MWTC E 

GND C 



20 

19 

18 

MBL 82288 
17 

16 

15 

14 

13 

12 

11 



J Vcc 

U so 
U M/io 

H DT/R 
I] DEN 
U CEN/AEN 
H CENL 

H Tnta 

U TORC 
I] lOWC 



*Multibus is a patented bus of Intel. 

Portions Reprinted by permission of Intel Corporation 

© Intel Corporation, 1982 

© FUJITSU LIMITED, 1985 
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PIN DESCRIPTION 

The following pin function descriptions are for the MBL 82288 bus controller. 



Table 1 -PIN DESCRIPTION 



Symbol 



Type 



Name and Function 



CLK 



SO, 81 



System Clock provides the basic tinning control for the MBL 82288 in an MBL 80286 nnicro- 
system. Its frequency is twice the internal processor clock frequency. The falling edge of this 
input signal establishes when inputs are sampled and command and control outputs change. 



Bus Cycle Status starts a bus cycle and, along with M/IO, defmes the type of bus cycle. These 
inputs are active LOW. A bus cycle is started when either SI or SO is sampled LOW at the 
falling edge of CLK. Setup and hold times must be met for proper operation. 



MBL 80286 Bus Cycle Status Definition 


M/Fo 


SI 


so 


Type of Bus Cycle 











Interrupt acknowledge 








1 


I/O Read 





1 





I/O Write 





1 


1 


None; Idle 


1 








Halt or shutdown 


1 





1 


Memory read 


1 
1 


1 
1 




1 


Memory write 
None; Idle 



M/IO 



Memory or I/O Select determines whether the current bus cycle is in the memory space or I/O 
space. When LOW, the current bus cycle is in the I/O space. Setup and hold times must be met 
for proper operation. 




MB 



CENL 



CMDLY 



READY 



Multibus Mode Select determines timing of the command and control outputs. When HIGH, 
the bus controller operates with Multibus-compatible timings. When LOW, the bus controller 
opti mizes the command and control output timing for short bus cycles. The function of the 
CEN/AEN input pin is selected by this signal. This input is typically a strapping option and not 
dynamically changed. 



Command Enable Latched is a bus controller select signal which enables the bus controller to 
respond to the current bus cycle being initiated. CENL is an active HIGH input latched inter- 
nally at the end of each TS cycle. CENL is used to select the appropriate bus controller for each 
bus cycle in a system where the CPU has more than one bus it can use. This input may be 
connected to Vqc to select this MBL 82288 for all transfers. No control inputs affect CENL. 
Setup and hold times must be met for proper operation. 



Command Delay allows delaying the start of a command. CMDLY is an active HIGH input. If 
sampled HIGH, the command output is not activated and CMDLY is again sampled at the next 
CLK cycle. When sampled LOW the selected command is enabled. If READY is detected LOW 
before the command output is activated, the MBL 82288 will terminate the bus cycle, even if 
no command was issued. Setup and hold times must be satisfied for proper operation. This 
input may be connected to GND if no delays are required before starting a command. This 
input has no effect on MBL 82288 control outputs. 



Ready indicates the end of the current bus cycle. READY is an active LOW input. Multibus 
mode requires at least one wait state to allow the command outputs to become active. READY 
must be LOW during reset, to force the MBL 82288 into the idle state. Setup and hold times 
must be met for proper operation. The MBL 82284 drives READY LOW during RESET. 
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Table 1 - PIN DESCRIPTION (Continued) 



Symbol 


Type 


Name and Function 


CEN/AEN 


1 


Command Enable/Address Enable controls the command and DEN outputs of the bus con- 
troller. CEN/AEN inputs may be asynchronous to CLK. Setup and hold times are given to 
assure a guaranteed response to synchronous inputs. This input may be connected to Vcc or 
GND. 

When MB is HIGH, this pin has the AEN function. AEN is an active LOW input which indicates 
that the CPU has been granted use of a shared bus and the bus controller command outputs 
may exit 3-state OFF and become inactive (HIGH). AEN HIGH indicates that the CPU does 
not have control of the shared bus and forces the command outputs into 3-state OFF and DEN 
inactive (LOW). AEN would normally be controlled by an 82289 bus arbiter which activates 
AEN when that arbiter owns the bus to which the bus controller is attached. 

When MB is LOW this pin has the CEN function. CEN is an unlatched active HIGH input which 
allows the bus controller to activate its command and DEN outputs. With MB LOW, CEN LOW 
forces the command and DEN outputs inactive but does not tristate them. 


ALE 





Address Latch Enable controls the address latches used to hold an address stable during a bus 
cycle. This control output is active HIGH. ALE will not be issued for the halt bus cycle and is 
not affected by any of the control inputs. 


MCE 





Master Cascade Enable signals that a cascade address from a master MBL 8259A interrupt 
controller may be placed onto the CPU address bus for latching by the address latches under 
ALE control. The CPU's address bus may then be used to broadcast the cascade address to slave 
interrupt controllers so only one of them wiji respond to the interrupt acknowledge cycle. 
This control output is active HIGH. MCE is only active during interrupt acknowledge cycles 
and is not affected by any control input. Using MCE to enable cascade address drivers requires 
latches which save the cascade address on the falling edge of ALE. 


DEN 





Data Enable controls when data transceivers connected to the local data bus should be enabled. 
DEN is an active HIGH control output. DEN is delayed for write cycles in the Multibus mode. 


DT/R 





Data Transmit/Receive establishes the direction of data flow to or from the local data bus. 
When HIGH, this control output indicates that a write bus cycle is being performed. A LOW 
indicates a read bus cycle. DEN is always inactive when DT/R changes states. This output is 
HIGH when no bus cycle is active. DT/R is not affected by any of the control inputs. 


lOWC 





I/O Write Command instructs an I/O device to read the data on the data bus. This command 
output is active LOW. The MB and CMDLY inputs control when this output becomes active. 
READY controls when it becomes inactive. 


lORC 





I/O Read Command instructs an I/O device to place data onto the data bus. This command 
output is active LOW. The MB and CMDLY inputs control when this output becomes active. 
READY controls when it becomes inactive. 


MWTC 





Memory Write Command instructs a memory device to read the data on the data bus. This 
command output is active LOW. The MB and CMDLY inputs control when thisoutput becomes 


active. READY controls when it becomes inactive. 


MRDC 





Memory Read Command instructs the memory device to place data onto the data bus. This 
command output is active LOW. The MB and CMDLY inputs control when this output be- 


comes active. READY controls when it becomes inactive. 


INTA 





Interrupt Acknowledge tells an interrupting device that its interrupt request is being acknowl- 
edged. This command output is active LOW. The MB and CMDLY inputs control when this 
output becomes active. READY controls when it becomes inactive. 


Vcc 




System Power: +5V power supply. 


GND 




System Ground: volts. 
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FUNCTIONAL DESCRIPTION 

INTRQDUCTION 

The MBL 82288 bus controller is used in MBL 80286 sys- 
tems to provide address latch control, data transceiver con- 
trol, and standard level-type command outputs. The com- 
mand outputs are timed and have sufficient drive capa- 
bilities for large TTL buses and meet all IEEE-796 require- 
ments for Multibus. A special Multibus mode is provided to 
satisfy all address/data setup and hold time requirements. 
Command timing may be tailored to special needs via a 
CMDLY input to determine the start of a command and 
READY to determine the end of a command. 



Separate DEN and DT/R outputs control the data trans- 
ceivers for all buses. Bus contention is eliminated by dis- 
abling DEN before changing DT/R. The DEN timing allows 
sufficient time for tristate bus drivers to enter 3-state OFF 
before enabling other drivers onto the same bus. 

The term CPU refers to any MBL 80286 processor or 
MBL 80286 support component which may become 
an MBL 80286 local bus master and thereby drive the 
MBL 82288 status inputs. 



Connection to multiple buses are supported with a latched 
enable input (CENL). An address decoder can determine 
which, if any, bus controller should be enabled for the bus 
cycle. This input is latched to allow an address decoder 
to take full advantage of the pipelined timing on the 
MpL 80286 local bus. 

Bus shared by several bus controllers are supported. An 
AEN input prevents the bus controller from driving the 
shared bus command and data signals except when enabled 
by an external bus arbiter such as the 82289. 



PROCESSOR CYCLE DEFINITION 

Any CPU which drives the local bus uses an internal clock 
which is one half the frequency of the system clock (CLK) 
(see Fig. 3). Knowledge of the phase of the local bus master 
internal clock is required for proper operation of the 
MBL 80286 local bus. The local bus master informs the 
bus controller of its internal clock phase when it asserts the 
status signals. Status signals are always asserted beginning 
in Phase 1 of the local bus master's internal clock. 



Fig. 3 -CLK RELATIONSHIP TO THE PROCESSOR CLOCK AND BUS TSTATES 



MBL 82284 
(FOR REFERENCE) 



VcH- 
CLK 



PCLK 



-ONE PROCESSOR CLOCK CYCLE- 
ONE BUS T STATE 



PHASE 1 
-OF PROCESSOR- 
CLOCK CYCLE 



PHASE 2 
-OF PROCESSOR- 
CLOCK CYCLE 



/ \ I \ 



/ 



\ 



r 



1-73 



MBL 82288-8 
MBL 82288-6 



lllllillllllllilllllilllll 

FUJITSU 



BUS STATE DEFINITION 

The MBL 82288 bus controller has three bus states (see 
Fig. 4): Idle (Tl), Status (TS) and Command (TC). Each bus 
state is two CLK cycles long. Bus state phases correspond 
to the internal CPU processor clock phases. 

The Tl bus state occurs when no bus cycle is currently 
active on the MBL 80286 local bus. This state may be re- 
peated indefinitely. When control of the local bus is being 
passed between masters, the bus remains in the Tl state. 



Fig. 4 - 


-MBL 82288 Bl 


JS STATES 


NEW CYCLE 

O 




(■A 






, Tl 




NEW / 


Al> 


READY 


\NEW CYCLE 


cycle/ 




\ 


\ READY 


( STATUS 


\ 


fCOMMANDV"^ 


V'y 


; 


I TC y 


READY 




NEW CYCLE 





BUS^YCLE_DEFINITION 

The 81 and SO inputs signal the start of a bus cycle. When 
either input becomes LOW, a bus cycle is started. The TS 
bus state Is defined to be the two CLK cycles during which 
either SI or SO are active (see Fig. 5). These inputs are 
sampled by the MBL 82288 at every falling edge of CLK. 
When either SI or SO are sampled LOW, the next CLK 
cycle is considered the second phase of the internal CPU 
clock cycle. 

The local bus enters the TC bus state after the TS state. 
The shortest bus cycle may have one TS state and one TC 
state. Longer bus cycles are formed by repeating TC states. 
A repeated TC bus state is called a wait state. 



The READY input determines whether the current TC bus 
state is to be repeated. The READY input has the same 
timing and effect for all bus cycles. READY is sampled 
at the end of each TC bus state to see if it is active. If 
sampled HIGH, the TC bus state is repeated. This is called 
inserting a wait state. The control and command outputs do 
not change during wait states. 



When READY is sampled LOW, the current bus cycle is 
terminated. Note that the bus controller may enter the 
TS bus state directly from TC if the status lines are sampled 
active at the next falling edge of CLK. 



Fig. 5 -BUS CYCLE DEFINITION 
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Table 2 -COMMAND AND CONTROL OUTPUTS FOR EACH TYPE OF BUS CYCLE 



Type of Bus Cycle 


M/IO 


SI 


so 


Command 
Activated 


DT/R 
State 


ALE, DEN 
Issued? 


MCE 
Issued? 


Interrupt Acknowledge 











INTA 


LOW 


YES 


YES 


I/O Read 








1 


lORC 


LOW 


YES 


NO 


I/O Write 





1 





lOWC 


HIGH 


YES 


NO 


None; Idle 





1 


1 


None 


HIGH 


NO 


NO 


Halt/Shutdown 


1 








None 


HIGH 


NO 


NO 


Memory Read 


1 





1 


MRDC 


LOW 


YES 


NO 


Memory Write 


1 


1 





MWTC 


HIGH 


YES 


NO 


None; Idle 


1 


1 


1 


None 


HIGH 


NO 


NO 



OPERATING MODES 

Two types of buses are supported by the MBL 82288: 
Multibus and non-Multibus. When the MB input is strapped 
HIGH, Multibus timing is used. In Multibus mode, the 
MBL 82288 delays command and data activation to meet 
IEEE-796 requirements on address to command active and 
write data to command active setup timing. Multibus mode 
requires at least one wait state in the bus cycle since the 
command outputs are delayed. The non-Multibus mode 
does not delay any outputs and does not require wait 
states. The MB input affects the timing of the command 
and DEN outputs. 



Write bus cycles activate different control and command 
outputs with different timing than read bus cycles. Memory 
write and I/O write are write bus cycles whose timing for 
command outputs (MWTC and lOWC), control outputs 
(ALE, DEN, DT/R ) and co ntrol inputs (CEN/AEN, CENL, 
CMDLY, MB, and READY) are identical. They differ only 
in which command output is activated. 

Halt bus cycles are different because no command or con- 
trol output is activated. All control inputs are ignored 
until the next bus cycle is started via SI and SO. 



COMMAND AND CONTROL OUTPUTS 

The type of bus cycle performed by the local bus master is 
encoded in the M/IO, SI, and SO inputs. Different com- 
mand and control outputs are activated depending on the 
type of bus cycle. Table 2 indicates the cycle decode done 
by the MBL 82288 and the effect on command, DT/R, 
ALE, DEN, and MCE outputs. 

Bus cycles come in three forms: read, write, and halt. 
Read bus cycles include memory read, I/O read, and inter- 
rupt acknowledge. The timing of the associated read com- 
mand outputs (MRDC, lORC, and INTA), co ntrol outputs 
(ALE, DEN, DT/R) and con trol inputs (CEN/AEN, CENL, 
CMDLY, MB, and READY) are identical for all read bus 
cycles. Read cycles differ only in which command output is 
activated. The MCE control output is only asserted during 
interrupt acknowledge cycles. 
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Fig. 6-10 show the basic command and control output 
timing for read and write bus cycles. Halt bus cycles are not 
shown since they activate no outputs. The basic idle-read- 
idle and idle-write-idle bus cycles are shown. The signal 
label CMD represents the appropriate command output for 
the bus cycle. For Fig. 6—10, the CMDLY input is con- 
nected to GND and CENL to Vcc- The effects of CENL 
and CMDLY are described later in the section on control 
inputs. 

Fig. 6, 7 and 8 show non-Multibus cycles. MB is connected 
to GND while CEN is connected to S/qc- f^'Q- 6 shows a 
read cycle with no wait states while Fig. 7 shows a write 
cycle with one wait state. The READY input is shown to 
illustrate how wait states are added. 



Fig. 6 - IDEL-READ-IDEL BUS CYCLES WITH MB = 




Fig. 7 -IDLE-WRITE-IDLE BUS CYCLES WITH MB = 

WRITE BUS CYCLE 



WAIT STATE- 
TC 



SI -SO 




READY 7 
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Bus cycles can occur back to back with no Tl bus states 
between TC and TS. Back to back cycles do not affect the 
timing of the command and control outputs. Command 
and control outputs always reach the states shown for the 
same clock edge (within TS, TC, or following bus state) of a 
bus cycle. 

A special case in control timing occurs for back to back 
write cycles with MB = 0. In this case, DT/W and DEN re- 
main HIGH between the bus cycles (see Fig. 8). The com- 
mand and ALE output timing does not change. 

Fig. 9 and 10 show a Multibus cycle with MB = 1. AEN and 
CM P LY are connected to GND. The effects of CMDLY and 
AEN are described later in the section on control inputs. 
Fig. 9 shows a read cycle with one wait state and Fig. 10 
shows a write cycle with two wait states. The second wait 
state of the write cycle is shown only for example purposes 
and is not required. The READY input is shown to illus- 
trate how wait states are added. 
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Fig. 10-IDEL-WRITE-IDLE BUS CYCLES WITH MB = 1 

Tl I TS I TC I TC I 



S1-S0 




The MB control input affects the timing of the connmand 
and DEN outputs. These outputs are automatically delayed 
in Multibus mode to satisfy three requirements: 

1) 50 ns minimum setup time for valid address before any 
command output becomes active. 

2) 50 ns minimum setup time for valid write data before 
any write command output becomes active. 

3) 65 ns maximum time from when any read command be- 
comes inactive until the slave's read data drivers reach 
3-stateOFF. 

Three signal transitions are delayed by MB = 1 as compared 
to MB = 0: 

1) The HIGH to LOW transition of the read command out- 
puts (lORC, MRDC, and INTA) are delayed one CLK 
cycle. 

2) The HIGH to LOW transition of the write command 
outputs (lOWC and MWTC) are delayed two CLK cycles. 

3) The LOW to HIGH transition of DEN for write cycles is 
delayed one CLK cycle. 



Back to back bus cycles with MB = 1 do not change the 
timing of any of the command of control outputs. DEN al- 
ways becomes inactive between bus cycles with MB = 1. 

Except for a halt or shutdown bus cycle, ALE will be 
issued during the second half of TS for any bus cycle. 
ALE becomes inactive at the end of the TS to allow latch- 
ing the address to keep it stable during the entire bus 
cycle. The address outputs may change during Phase 2 of 
any TC bus state. ALE is not affected by any control 
input. 

Fig. 1 1 shows how MCE is timed during interrupt acknowl- 
edge (INTA) bus cycles. MCE is one CLK cycle longer 
than ALE to hold the cascade address from a master 
MBL B259A valid after the falling edge of ALE. With the 
exception of the MCE control output, an INTA bus cycle 
is identical in timing to a read bus cycle. MCE is not af- 
fected by any control input. 
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Fig. 11 - MCE OPERATION FOR 
AN INTA BUS CYCLE 
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CONTROL INPUTS 

The control inputs can alter the basic timing of com- 
mand outputs, allow interfacing to multiple buses, and 
share a bus between different masters. For many 
MBL 80286 systems, each CPU will have more than one 
bus which may be used to perform a bus cycle. Normal- 
ly, a CPU will only have one bus controller active for each 
bus cycle. Some buses may be shared by more than one 
CPU (i.e. Multibus) requiring only one of them use the bus 
at a time. 

Systems with multiple and shared buses use two control 
input signals of the MBL 82288 bus controller, CENL 
and AEN (see Fig. 12). CENL enables the bus controller 
to control the current bus cycle. The AEN input prevents 
a bus controller from driving its command outputs. AEN 
HIGH means that another bus controller may be driving 
the shared bus. 

In Fig. 12, two buses are shown: a local bus and a Multi- 
bus. Only one bus is used for each CPU bus cycle. The 
CENL inputs of the bus controllers select which bus con- 
troller is to perform the bus cycle. An address decoder 
determines which bus to use for each bus cycle. The 
MBL 82288 connected to the shared Multibus must be 
selected by CENL and be given access to the Multibus 
by AEN before it will begin a Multibus operation. 

CENL must be sampled HIGH at the end of the TS bus 
state (see waveforms) to enable the bus controller to 
activate its command and control outputs. If sampled 
LOW the commands and DEN will not go active and 
DT/R will remain HIGH. The bus controller will ignore 
the CMDLY, CEN, and READY inputs until another bus 
cycle is started via SI and SO. Since an address decoder is 



commonly used to identify which bus is required for each 
bus cycle, CENL is latched to avoid the need for latching 
its input. 

The CENL input can affect the DEN control output. When 
MB = 0, DEN normally becomes active during Phase 2 of 
TS in write bus cycles. This transition occurs before CENL 
is sampled. If CENL is sampled LOW, the DEN output will 
be forced LOW during TC as shown in the timing wave- 
forms. 

When MB = 1, CEN/AEN becomes AEN. AEN controls 
when the bus controller command outputs enter and 
exit 3-state OFF. AEN is intended to be driven by a bus 
arbiter, like the 82289, which assures only one bus con- 
troller is driving the shared bus at any time. When AEN 
makes a LOW to HIGH transition, the command outputs 
immediately enter 3-state OFF and DEN is forced inactive. 
An inactive DEN should force the local data transceivers 
connected to the shared data bus into 3-state OFF (see 
Fig. 12). The LOW to HIGH transition of AEN should 
only occur during Tl or TS bus states. 

The HIGH to LOW transition of AEN signals that the bus 
controller may now drive the shared bus command signals. 
Since a bus cycle may be active or be in the process of start- 
ing, AEN can become active during any T-state. AEN LOW 
immediately allows DEN to go to the appropriate state. 
Three CLK edges later, the command outputs will go active 
(see timing waveforms). The Multibus requires this delay 
for the address and data to be valid on the bus before the 
commands become active. 

When MB=0, CEN/AEN becomes CEN. CEN is an synchro- 
nous input which immediately affects the command and 
DEN outputs. When CEN makes a HIGH to LOW transi- 
tion, the commands and DEN are immediately forced in- 
active. When CEN makes a LOW to HIGH transition, the 
commands and DEN outputs immediately go to the ap- 
propriate state (see timing waveforms). READY must still 
become active to terminate a bus cycle if CEN remains 
LOW for a selected bus controller (CENL was latched 
HIGH). 

Some memory or I/O systems may require more address 
or write data setup time to command active than provided 
by the basic command output timing. To provide flexible 
command timing, the CMDLY input can delay the activa- 
tion of command outputs. The CMDLY input must be 
sampled LOW to activate the command outputs. CMDLY 
does not affect the control outputs ALE, MCE, DEN, and 
DT/R. 
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Fig. 12 -SYSTEM USE OF AEN AND CENL 
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CMDLY is first sampled on the falling edge of the CLK 
ending TS. If sampled HIGH, the command output is not 
activated, and CMDLY is again sampled on the next falling 
edge of CLK. Once sampled LOW, the proper command 
output becomes active immediately if MB = 0. If MB = 1, 
the proper command goes active no earlier than shown in 
Fig. 9 and 10. 



READY can terminate a bus cycle before CMDLY allows 
a command to be issued. In this case no commands are 
issued and the bus controller will deactivate DEN and 
DT/R in the same manner as if a command had been 
issued. 

WAVEFORMS DISCUSSION 

The waveforms show the timing relationships of inputs and 
outputs and do not show all possible transitions of all 
signals in all modes. Instead, all signal timing relationships 
are shown via the general cases. Special cases are shown 
when needed. Th6 waveforms provide some functional 
descriptions of the MBL 82288; however, most functional 
descriptions are provided in Fig. 5 through 11. 

To find the timing specification for a signal transition in 
a particular mode, first look for a special case in the wave- 
forms. If no special case applies, then use a timing specifica- 
tion for the same or related function in another mode. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin with 

Respect to GND -0.5V to +7V 

Power Dissipation 1 Watt 



*NOTE: Permanent device damage may occur if ABSO- 
LUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the 
conditions as detailed in the operational sections 
of this data sheet. Exposure to absolute maxi- 
mum rating conditions for extended periods may 
affect device reliability. 



D.C. CHARACTERISTICS (Vqc = 5V±5%, Ta = 0°C to 70°C) 



Symbol 


Parameter 


MBL 82288-6 
(6 MHz) 


MBL 82288-8 
(8 MHz) 


Unit 


Test Condition 


Min 


Max 


Min 


Max 


v„ 


Input LOW Voltage 


-0.5 


0.8 


-0.5 


0.8 


V 




V,H 


Input HIGH Voltage 


2.0 


Vcc+0.5 


2.0 


Vcc+0.5 


V 




V,LC 


CLK Input LOW Voltage 


-0.5 


0.6 


-0.5 


0.6 


V 




V,HC 


CLK Input HIGH Voltage 


3.8 


Vcc+0.5 


3.8 


Vcc+0.5 


V 




Vol 


Output LOW Voltage: 
Command Outputs 
Control Outputs 




0.45 
0.45 




0.45 
0.45 


V 
V 


loL = 32mA, Note 1 
loL = 16mA, Note 2 


VOH 


Output HIGH Voltage: 
Command Outputs 
Control Outputs 


2.4 
2.4 




2.4 
2.4 




V 
V 


Iqh = -5mA, Note 1 
Iqh = -1mA, Note 2 


If 


Input Current (SO and SI inputs) 




-0.5 




-0.5 


mA 


Vf = 0.45V 


i|L 


Input Leakage current (all other 
inputs) 




±10 




±10 


MA 


OV<V,N^Vcc 


Ilo 


Output Leakage Current 




±10 




±10 


MA 


0.45 V <VouT<Vcc 


'cc 


Power Supply Current 




120 




120 


mA 




CcLK 


CLK Input Capacitance 




12 




12 


PF 


Fc = 1MHz 


c, 


Input Capacitance 




10 




10 


pF 


Fc = 1MHz 


Co 


Input/Output Capacitance 




20 




20 


pF 


Fc = 1MHz 



NOTE: 1. Command Outputs are INTA, TUHU", lOWC, MRDC, and MWRC. 
2. Control Outputs are DT/R^, DEN, ALE and MCE. 
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A.C. CHARACTERISTICS (Vcc = 5V±5%,Ta =0°C to 70°C) 



AC timings 


are referenced to 0.8V and 2.0V points of 


signals as 


llustrated 


in data sheet waveforms, unless 


Otherwise noted. 


Symbol 


Parameter 


MBL 82288-6 
(6 MHz) 


MBL 82288-8 
(8 MHz) 


Unit 


Test Condition 


Min 


Max 


Min 


Max 


1 


CLK Period 


83 


250 


62 


250 


ns 




2 


CLK HIGH Time 


25 


236 


20 


235 


ns 


at 3.6V 


3 


CLK LOW Time 


20 


225 


15 


230 


ns 


at 1 .OV 


4 


CLK Rise Time 




10 




10 


ns 


1.0V to 3.6V 


5 


CLK Fall Time 




10 




10 


ns 


3.6V to 1.0V 


6 


M/IO and Status Setup Time 


28 




22 




ns 




7 


M/IO and Status Hold Time 


1 




1 




ns 




8 


CENL Setup Time 


30 




20 




ns 




9 


CENL Hold Time 


1 




1 




ns 




10 


READY Setup Time 


50 




38 




ns 




11 


READY Hold Time 


35 




25 




ns 




12 


CMDLY Setup Time 


25 




20 




ns 




13 


CMDLY Hold Time 


1 




1 




ns 




14 


AEN Setup Time 


25 




20 




ns 


Note 3 


15 


AEN Hold Time 












ns 


Note 3 


16 


ALE, MCE Active Delay from CLK 


3 


25 


3 


20 


ns 


Note 4 


17 


ALE, MCE Inactive Delay from CLK 




35 




25 


ns 


Note 4 


18 


DEN (Write) Inactive from CENL 




35 




35 


ns 


Note 4 


19 


DT/R LOW from CLK 




40 




25 


ns 


Note 4 


20 


DEN (Read) Active from DT/R 


5 


50 


5 


35 


ns 


Note 4 


21 


DEN (Read) Inactive Delay from CLK 


3 


40 


3 


35 


ns 


Note 4 


22 


DT/R HIGH from DEN Inactive 


5 


45 


5 


35 


ns 


Note 4 


23 


DEN (Write) Active Delay from CLK 




35 




30 


ns 


Note 4 


24 


DEN (Write) Inactive Delay from CLK 


3 


35 


3 


30 


ns 


Note 4 


25 


DEN Inactive from CEN 




40 




30 


ns 


Note 4 


26 


DEN Active from CEN 




35 




30 


ns 


Note 4 


27 


DT/R HIGH from CLK 
(when CEN = LOW) 




50 




35 


ns 


Note 4 


28 


DEN Active from AEN 




35 




30 


ns 


Note 4 


29 


CMD Active Delay from CLK 


3 


40 


3 


25 


ns 


Note 5 


30 


CMD Inactive Delay from CLK 


3 


30 


3 


25 


ns 


Notes 


31 


CMD Inactive from CEN 




35 




25 


ns 


Note 5 


32 


CMD Active from CEN 




45 




25 


ns 


Note 5 


33 


CMD Inactive Enable from AEN 




40 




40 


ns 


Note 5 


34 


CMD Float Delay from AEN 




40 




40 


ns 


Note 6 


35 


MB Setup Time 


25 




20 




ns 




36 


MB Hold Time 












ns 




37 


Command Inactive Enable from MBl 




40 




40 


ns 


Note 5 


38 


Command Float Time from MBt 




40 




40 


ns 


Note 6 


39 


DEN Inactive from MBt 




40 




30 


ns 


Note 4 


40 


DEN Active from MBl 




35 




30 


ns 


Note 4 



3. AEN is an asynchronous input. This specification is for testing purposes only, to assure recognition at a specific CLK edge. 

4. Contf-ol output load: Cl= 150pF. 

5. Comhiand output load: Cl= 300pF. 

6. Float condition occurs when output current is less than Ilo 'n magnitude. 
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NOTE 7: AC Drive and Measurement Points — CLK Input 


A r\\ 1 




\3.6V 


36V^ \ 


CLK INPUT \, 

\l.OV 


lov/ \ 


'15V \ 


/ \ 





NOTE 8: AC Setup, Hold and Delay Time Measurement — General 



4.0V 

CLK INPUT 
0.45V- 



f 



OTHER 
DEVICE 
INPUT 



DEVICE 
OUTPUT 



tSETUP 




2.0V 
0.8V 




2.0V 




-tpELAY- 




NOTE 9: AC Test Loading on Outputs 



DEVICE _ 
OUTPUT 
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WAVEFORMS 



CLK CHARACTERISTICS 



-®- 



CLK 




@— -i 



® @ 



s@^r^^ 



[T 



STATUS, ALE, MCE, CHARACTERISTICS 



M/IO, S1,S0 




ALE 



d 



CENL, CMDLY, DEN CHARACTERISTICS WITH MB = AND CEN 


= 1 


DURING WRITE CYCLE 


CLK "A 

SI -SO 




. / ^ 


. r 






@ 


— — 


@ 


m 


nFN 


^ 


® 








@ 


C-. x\\\mm\\m 
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CMO.V W/////////////J 


^ ^ 


k 
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WAVEFORMS (Continued) 



READ CYCLE CHARACTERISTICS WITH MB = AND CEN = 1 



CMDLY 



DT/R 



ML // 




^ M« M. 






'MIL 



^^M m\mm 



WRITE CYCLE CHARACTERISTICS WITH MB = AND CEN = 1 
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WAVEFORMS (Continued) 



CEN CHARACTERISTICS WITH MB = 




AEN CHARACTERISTICS WITH MB = 1 




NOTE 1: AEN is an asynchronous input. AEN setup and hold times are specified to guarantee the response shown in the 
waveforms. 
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PACKAGE ILLUSTRATION 



CERAMIC PACKAGE 
(CERDIP) 



PACKAGE DIMENSIONS (Suffix -CZ) 



20-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-20C-C01) 



I — I I — II — II — I I — I I — I I — I I — I 1—1 



R.025(0.64) 
REF 



.940(23.88) 



1.000(25.4) 



.272(6.91) 
.291(7.39) 



.305(7.75) 
.325(8.26) 




0° ~ 15° 



.300(7.62)TYP 



-.050(1. 27)MAX 




.008(0.20) 
.014(0.36) 



IKM 



.09012.29) 



.110(2.79) 



r\ 




r\ 



m 



.032(0.81) 



TYP 



.900(22.86)REF 



.042(1.06) 



.062(1.58) 
©1985 FUJITSU D20001S-1C 



1 



.200(5.08)MAX 



.1201(3.05) 
.150(3.81) 



.020(0.51) 
.050(1.27) 



.015(0.38) 



.023(0.58) 



Dimensions in 
inches (miilinneters) 
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PACKAGE ILLUSTRATION 




PACKAGE DIMENSIONS (Suffix: -P) 



hr^f^rirn^Aririri 



A.. 



1 



3 



UkJ^KJKJU^^KJKl 



.290(7.37) 
.31017.87) 



.021(0.54) .020(0.51 



FUJITSU 



NMOS HIGH-INTEGRATION 
16-BIT MICROPROCESSOR 



MBL 80186 
MBL 80186-6 



February 1 9 
Edition 1 .0 



NMOS HIGH-INTEGRATION 16-BIT MICROPROCESSOR 



The Fujitsu MBL 80186 is a highly integrated 16-bit microprocessor. The MBL 80186 effectively combines 15-20 
of the most common MBL 8086 system components onto one. The MBL 80186 provides two times greater throughput 
than the standard 5MHz MBL 8086. The MBL 80186 is upward compatible with MBL 8086 and 88 software and adds 
10 new instruction types to the existing set. It is housed in a 68-pad ceramic LCC (Leadless Chip Carrier: JEDEC Type 
A) or 68-pin Ceramic PGA (Pin Grid Array) package. 



Integrated Feature Set: 

— Enhanced MBL 8086-2 CPU 

— Clock Generator 

— 2 Independent, High-Speed DMA Channels 

— Programmable Interrupt Controller 

— 3 Programmable 16-bit Timers 

— Programmable Memory and Peripheral Chip-Select 
Logic 

— Programmable Wait State Generator 

— Local Bus Controller 

Available in 8MHz (MBL 80186) and cost effective 
6MHz (MBL 80186-6) versions. 



High-performance Processor 

— 2 Times the Performance of the Standard 
MBL 8086 

— 4 MByte/Sec Bus Bandwidth Interface 

Direct Addressing Capability to 1 MByte of Memory 
Completely Object Code Compatible with All Exist- 
ing MBL 8086, 88 Software 

— 10 New Instruction Types 

High Performance Numerical Coprocessing Capability 
Through Intel 8087 Interface 
Two Package Options: 

— 68-Pad Ceramic LCC (Suffix -CV) 
(JEDEC Type A) 

— 68-Pin Ceramic PGA (Suffix -CR) 



Fig. 1 - BLOCK DIAGRAM 
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Portions reprinted by permission of Intel Corporation 
©Intel Corporation, 1983 
©FUJITSU LIMITED, 1986 
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TOP VIEW 



Fig. 2 -PIN CONFIGURATIONS 
68-PAD LCC 
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PIN DESCRIPTION 
Table 1 - PIN DESCRIPTION 



Symbol 


Pin No. 


Type 


Name and Function 


VccVcc 


9,43 


1 


System Power: +5 V power supply. 


Vss,Vss 


26,60 


1 


System Ground. 


RESET 


57 





Preset Output indicates that the MBL 80186 CPU is being reset, and can 
be used as a system reset. It is active HIGH, synchronized with the pro- 
cessor clock, and lasts an integer number of clock periods corresponding 
to the length of the RES signal. 


XI, X2 


59,58 


1 


Crystal Inputs, XI and X2, provide an external connection for a funda- 
mental mode parallel resonant crystal for the internal crystal oscillator. 
XI can interface to an external clock instead of a crystal. In this case, 
minimize the capacitance on X2 or drive X2 with complemented XI. 
The input or oscillator frequency is internally divided by two to generate 
the clock signal (CLKOUT). 


CLKOUT 


56 





Clock Output provides the system with a 50% duty cycle waveform. All 
device pin timings are specified relative to CLOKOUT. CLKOUT has suf- 
ficient MOS drive capabilities for the 8087 Numeric Processor Extension. 


RES 


24 


1 


System Reset causes the MBL 80186 to immediately terminate its pre- 
sent activity, clear the internal logic, and enter a dormant state. This 
signal may be asynchronous to the MBL 80186 clock. The MBL 80186 
begins fetching instructions approximately 7 clock cycels after RES is 
returned HIGH. RES is required to be LOW for greater than 4 clock 
cycles and is internally synchronized. For proper initialization, the LOW- 
to HIGH transition of RES must occur no sooner than 50 microseconds 
after power up. This input is provided with a Schmitt-trigger to facilitate 
power-on RES generation via an RC network. When RES occurs, the 
MBL 80186 will drive the status lines to an inactive level for one clock, 
and then tri-state them. 


TEST 


47 


1 


TEST is examined by the WAIT instruction. If the TEST input is HIGH 
when "WAIT" execution begins, instruction execution will suspend. 
TEST will be resampled until it goes LOW, at which time execution will 
resume. If interrupts are enabled while the MBL 80186 is waiting for 
TEST, interrupts will be serviced. This input is synchronized internally. 


TMR INO, 
TMR IN 1 


20 
21 


1 
1 


Timer Inputs are used either as clock or control signals, depending upon 
the programmed timer mode. These inputs are active HIGH (or LOW-to- 
HIGH transitions are counted) and internally synchronized. 


TMR OUT 0, 
TMR OUT 1 


22 
23 






Timer Outputs are used to provide single pulse or continuous waveform 
generation, depending upon the timer mode selected. 


DRQO, 
DRQ1 


18 
19 


1 

1 


DMA Request is driven HIGH by an external device when it desires that a 
DMA channel (Channel or 1) perform a transfer. These signals are 
active HIGH, level-triggered, and internally synchronized. 


NMI 


46 


1 


Non-Maskable Interrupt is an edge-triggered input which causes a type 2 
interrupt. NMI is not maskable internally. A transition from a LOW to 
HIGH initiates the interrupt at the next instruction boundary. NMI is 
latched internally. An NMI duration of one clock or more will guarantee 
service. This input is internally synchronized. 


INTO, INT1, 

INT2/INTA0, 

INT3/INTA1 


45,44 
42 
41 


1 

I/O 
I/O 


Maskable Interrupt Requests can be requested by strobing one of these 
pins. When configured as inputs, these pins are active HIGH. Interrupt 
Requests are synchronized internally. INT2 and INT3 may be configured 
via software to provide active-LOW interrupt-acknowledge output signals. 
All interrupt inputs may be configured via software to be either edge- or 
level-triggered. To ensure recognition, all interrupt requests must remain 
active until the interrupt is acknowledged. When iRMX mode is selected, 
the function of these pins changes (see Interrupt Controller section of 
this data sheet). 
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PIN DESCRIPTION (Continued) 
Table 1 - PIN DESCRIPTION (Continued) 



Symbol 



Pin No. 



Type 



Name and Function 



A19/S6, 
A18/S5, 
A17/S4, 
A16/S3 



65 
66 
67 
68 





O 




Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the 
four most significant address bits during T1. These signals are active 
HIGH. During T2, T3, Tw and T4, status information is available on 
these lines as encoded below: 





Low 


High 


S6 


Processor Cycle 


DMA Cycle 



S3, 34, and 85 are defined as LOW during T2-T4. 



AD15-AD0 



10-17, 
1-8 



I/O 



Address/Data Bus (0—15) signals constitute the time mutiplexed memory 
or I/O address (T1) and da ta (T 2, T3, Tw, and T4) bus. The bus is active 
HIGH. AO is analogous to BHE for the lower byte of the data bus, pins 
D7 through DO. It is LOW during T1 when a byte is to be transferred 
onto the lower portion of the bus in memory or I/O operations. 



BHE/S7 



64 



During T1 the Bus High Enable signal should be used to determine if data 
is to be e nabled onto the most significant half of the data bus, pin D15— 
D8. BHE is LOW during T1 for read, write, and interrupt acknowledge 
cycles when a byte is to be transferred on the higher half of the bus. 
The S7 status infor mati on is available during T2, T3, and T4. 87 is logi- 
cally equivalent to BHE. The signal is active LOW, and is tristated OFF 
during bus HOLD. 



BHE and AO Encodings 


BHE Value 


AO Value 


Function 




1 
1 



1 

1 


Word Transfer 

Byte Transfer on upper half of data bus (D15— D8) 

Byte Transfer on lower half of data bus (D7-D0) 

Reserved 



ALE/QSO 



61 



Address Latch Enable/Queue Status is provided by the MBL 80186 to 
latch the address into the MBL 8282/8283 address latches. ALE is active 
HIGH. Addresses are guaranteed to be valid on the trailing edge of ALE. 
The ALE rising edge is generated off the rising edge of the CLKOUT 
immediately preceding T1 of the associated bus cycle, effectively one- 
half clock cycle earlier than in the standard MBL 8086. The trailing edge 
is generated off the CLKOUT rising edge in T1 as in the MBL 8086. 
Note that ALE is never floated. 



WR/Q81 



63 



Write Strobe/Queue Status 1 indicates that the data on the bus is to be 
written into a memory or an I/O device. WR is active for T2, T3, and Tw 
of any write cycle. It is active LOW, and floats during "HOLD." It is 
driven HIGH for one clock during Reset, and then floated. When the 
MBL 80186 is in queue status mode, the ALE/O80 and WR/Q81 pins 
provide information about processor/instruction queue interaction. 



QS1 


QSO 


Queue Operation 




1 
1 



1 
1 



No queue operation 

First opcode byte fetched from the queue 
Subsequent byte fetched from the queue 
Empty the queue 



RD/Q8MD 



62 



Read Strobe indicates that the MBL 80186 is performing a memory or 
I/O read cycle. RD is active LOW for T2, T3, and Tw of any read cycle. 
It is guaranteed not to go LOW in T2 until after the Address Bus is 
floated. RD is active LOW, and floats during "HOLD." RD is driven 
HIGH for one clock during Reset, and then the output driver is floated. 
A weak internal pull-up mechanism on the RD line holds it HIGH when 
the line is not driven. During RESET the pin is sampled to determine 
whether the MBL 80186 should provide ALE, WR and RD, or if the 
Queue-Status should be provided. RD should be connected to GND to 
provide Queue-Status data. 
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PIN DESCRIPTION (Continued) 
Table 1 - PIN DESCRIPTION (Continued) 



Symbol 



Pin No. 



Type 



Name and Function 



ARDY 



55 



Asynchronous Ready informs the MBL 80186 that the addressed mem- 
ory space or I/O device will complete a data transfer. The ARDY input 
pin will accept an asynchronous input, and is active HIGH. Only the rising 
edge is internally synchronized by the MBL 80186. This means that the 
falling edge of ARDY must be synchronized to the MBL 80186 clock. 
If connected to Vcc. ^o WAIT states are inserted. Asynchronous ready 
(ARDY) or synchronous ready (SRDY) must be active to terminate a 
bus cycle. If unused, this line should be tied LOW. 



SRDY 



49 



Synchronous Ready must be synchronized externally to the MBL 80186. 
The use of SRDY provides a relaxed system-timing specification on the 
Ready input. This is accomplished by eliminating the one-half clock 
cycle which is required for internally resolving the signal level when using 
the ARDY input. This line is active HIGH. If this line is connected to 
Vcc' f^o WAIT states are inserted. Asynchronous ready (ARDY) or 
synchronous ready (SRDY) must be active before a bus cycle is ter- 
minated. If unused, this line should be tied LOW. 



LOCK 



48 



LOCK output indicates that oth er sys tem bus masters are not t o gain 
control of the system bus while LOCK is active LOW. The LOCK signal 
is requested by the LOCK prefix instruction and is activated at the 
beginning of the first data cycle associated with the instruction following 
the LOCK prefix. It remains active until the completion of the instru c- 
tion follo wing t he LOCK prefix. No prefetches will occur while LOCK is 
asserted. LOCK is active LOW, is driven HIGH for one clock during 
RESET, and then floated. 



SO, S1,S2 



52-54 



Bus Cycle Status SO— S2 are encoded to provide bus-transaction inform- 
ation: 



MBL 80186 Bus Cycle Status Information 


S2 


SI 


so 


Bus Cycle Initiated 













Interrupt Acknowledge 










1 


Read I/O 





1 







Write I/O 





1 




1 


Halt 


1 










Instruction Fetch 


1 
1 
1 




1 
1 




1 



1 


Read Data from Memory 
Write Data to Memory 
Passive (no bus cycle) 



The status pins float during "HOLD." _ 

S2 may be used as a logical M/IO indicator, and SI as a DT/R indicator. 
The status lines are driven HIGH for one clock during Reset, and then 
floated until a bus cycle begins. 



HOLD, 
HLDA 



50 
51 



I 




HOLD indicates that another bus master is requesting the local bus. The 
HOLD input is active HIGH. HOLD may be asynchronous with respect 
to the MBL 80186 clock. The MBL 80186 will issue a HLDA (HIGH) 
in response to a HOLD request at the end of T4 or T1. Simultaneous 
with the issuance of HLDA, the MBL 80186 will float the local bus and 
control lines. After HOLD is detected as being LOW, the MBL 80186 
will lower HLDA. When the MBL 80186 needs to run another bus cycle, 
it will again drive the local bus and control lines^ 



UCS 



34 



Upper Memory Chip Select is an active LOW output whenever a memory 
reference is made to the defined upper portion (IK— 256K block) of 
memory. This line is not floated during bus HOLD. The address range 
activating UCS is software programmable. 
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PIN DESCRIPTION (Continued) 
Table 1 - PIN DESCRIPTION (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


LCS 


33 





Lower Memory Chip Select is active LOW whenever a memory reference 
is made to the defined lower portion (IK— 256K) of memory. This line 
is not floated during bus HOLD. The address range activating LCS is 
software programmable. 


MCSO-3 


38-35 





Mid-Range Memory Chip Select signals are active LOW when a memory 
reference is made to the defined mid-range portion of memory (8K— 
51 2K). These lines are not floated during bus HOLD. The address ranges 
activating MCSO— 3 are software programmable. 


PCSO-4 


25, 27-30 





Peripheral Chip Select Signals 0—4 are active LOW when a reference is 
made to the defined peripheral area (64K byte I/O space). These lines are 
not floated during bus HOLD. The address ranges activating PCSO— 4 are 
software programmable. 


PCS5/A1 


31 





Peripheral Chip Select 5 or Latched A1 may be programmed to provide 
a sixth peripheral chip select, or to provide an internally latched A1 
signal. The address range activating PCS5 is software programmable. 
When programmed to provide latched A1, rather than PCS5, this pin 
will retain the previously latched value of A1 during a bus HOLD. A1 is 
active HIGH. 


PCS6/A2 


32 





Peripheral Chip Select 6 or Latched A2 may be programmed to provide 
a seventh peripheral chip select, or to provide an internally latched A2 
signal. The address range activating PCS6 is software programmable. 
When programmed to provide latched A2, rather than PCS6, this pin 
will retain the previously latched value of A2 during a bus HOLD. A2 
is active HIGH. 


DT/R 


40 





Data Transmit/Receive controls the direction of data flow through the 
external MBL 8286/8287 data bus transceiver. When LOW, data is trans- 
ferred to the MBL 80186. When HIGH, the MBL 80186 places write 
data on the data bus. 


DEN 


39 





Data Enable is provided as an MBL 8286/8287 data bus transceiver 
output enable. DEN is active LOW during each memory and I/O access. 
DEN is HIGH whenever DT/R changes state. 
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FUNCTIONAL DESCRIPTION 

INTRODUCTION 

The following Functional Description describes the base 
architecture of the MBL 80186. This architecture is com- 
mon to the MBL 8086, 88, and 286 microprocessor families 
as well. The MBL 80186 is a very high integration 16-bit 
microprocessor. It combines 15-20 of the most com- 
mon microprocessor system components onto one chip 
while providing twice the performance of the standard 
MBL 8086. The MBL 80186 is object code compatible 
with the MBL 8086, 88 microprocessors and adds 10 new 
instruction types to the existing MBL 8086, 88 instruction 
set. 



• Segment Registers 

Four 16-bit special purpose registers select, at any given 
time, the segments of memory that are immediately ad- 
dressable for code, stack, and data. (For usage, refer to 
Memory Organization). 

• Base and Index Registers 

Four of the general purpose registers may also be used to 
determine offset addresses of operands in memory. These 
registers may contain base addresses or indexes to particular 
locations within a segment. The addressing mode selects 
the specific registers for operand and address calculations. 



MBL 80186 BASE ARCHITECTURE 

The MBL 8086, 88, 186, and 286 family all contain the 
same basic set of registers, instructions, and addressing 
modes. The MBL 80186 processor is upward compatible 
with the MBL 8086, 8088, and 80286 CPUs. 

Register Set 

The MBL 80186 base architecture has fourteen registers 
as shown in Fig. 3a and 3b. These registers are grouped 
into the following categories. 

• General Registers 

Eight 16-bit general purpose registers may be used to 
contain arithmetic and logical operands. Four of these 
(AX, BX, CX, and DX) can be used as 16-bit registers or 
split into pairs of separate 8-bit registers. 



• Status and Control Registers 

Two 16-bit special purpose registers record or alter certain 
aspects of the MBL 80186 processor state. These are the 
Instruction Pointer Register, which contains the offset 
address of the next sequential instruction to be executed, 
and the Status Word Register, which contains status and 
control flag bits (see Fig. 3a and 3b). 

Status Word Description 

The Status Word records specific characteristics of the 
result of logical and arithmetic instructions (bits 0^ 2, 4, 
6, 7, and 1 1 ) and controls the operation of the MBL 80186 
within a given operating mode (bits 8, 9, and 10). The 
Status Word Register is 16-bits wide. The function of the 
Status Word bits is shown in Table 2. 



Fig. 3a - MBL 80186 GENERAL PURPOSE REGISTER SET 



16-BIT 

REGISTER 

NAME 



BYTE 

ADDRESSABLE 

(8-BIT 

REGISTER 

NAMES 

SHOWN) 



7 


07 





AX 


AH 


AL 


DX 


DH 


DL 


CX 


CH 


CL 


BX 


BH 


BL 


BP 




SI 




Dl 




SP 





SPECIAL 

REGISTER 

FUNCTIONS 



MULTIPLY/DIVIDE 
I/O INSTRUCTIONS 



LOOP/SHIFT/ 
REPEAT/COUNT 



BASE REGISTERS 



INDEX REGISTERS 



STACK POINTER 



GENERAL 
REGISTERS 



cs 




DS 




SS 




ES 





CODE SEGMENT 
SELECTOR 
DATA SEGMENT 
SELECTOR 
STACK SEGMENT 
SELECTOR 
EXTRA SEGMENT 
SELECTOR 



SEGMENT REGISTERS 
15 



STATUS WORD 

INSTRUCTION 
POINTER 



STATUS AND CONTROL 
REGISTERS 
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Fig. 3b - STATUS WORD FORMAT 



STATUS FLAGS: 

CARRY - 

PARITY - 

AUXILIARY CARRY - 

ZERO - 

SIGN - 

OVERFLOW- 



STATUS WORD: EM^^ESI° 



15 14 13 12 y 11 10 9 8 p 

3F I DF I IF I T F I SF | ZF 



:m: 



6 5 J4 3 t2 1 



EM 



CF 



CONTROL FLAGS: 
-TRAP FLAG 

- INTERRUPT ENABLE 

- DIRECTION FLAG 



E53 "^ 



Table 2 - STATUS WORD BIT FUNCTIONS 



Bit 
Position 


Name 


Function 





CF 


Carry Flag — Set on high-order bit 
carry or borrow; cleared otherwise. 


2 


PF 


Parity Flag — Set if low-order 8 bits 
of result contain an even number of 
1-bits; cleared otherwise. 


4 


AF 


Set on carry from or borrow to the 
low order four bits of AL; cleared 
otherwise. 


6 


ZF 


Zero Flag — Set if result is zero; 
cleared otherwise. 


7 


SF 


Sign Flag — Set equal to high-order 
bit or result (0 if positive, 1 if nega- 
tive). 


8 


TF 


Single Step Flag — Once set, a sin- 
gle step interrupt occurs after the 
next instruction executes. TF is 
cleared by the single step interrupt. 


9 


IF 


Interrupt-Enable Flag — When set, 
maskable interrupts- will cause the 
CPU to transfer control to an inter- 
rupt vector specified location. 


10 


DF 


Direction Flag — Causes string 
instructions to auto decrement the 
appropriate index register when set. 
Clearing DF causes auto increment. 


11 


OF 


Overflow Flag - Set if the signed 
result cannot be expressed within 
the number of bits in the destina- 
tion operand; cleared otherwise. 



Instruction Set 

The instruction set is divided into seven Categories: data 
transfer, arithmetic, shift/rotate/logicai, string manipula- 
tion, control transfer, high-level instructions, and processor 
control. These categories are summarized in Fig. 4. 



An IVIBL 80186 instruction can reference anywhere from 
zero to several operands. An operand can reside in a 
register, in the instruction itself, or in memory. Specific 
operand addressing modes are discussed later in this data 
sheet. 

Memory Organization 

Memory is organized in sets of segments. Each segment 
is a linear contiguous sequence of up to 64K (2''^) 8-bit 
bytes. Memory is addressed using a two-component address 
(a pointer) that consists of a 16-bit base segment and a 
16-bit offset. The 16-bit base values are contained in one 
of four internal segment registers (code, data, stack, extra). 
The physical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset value 
to yield a 20-bit physical address (see Fig. 5). This allows 
for a 1 MByte physical address size. 

All instructions that address operands in memory must 
specify the base segment and the 16-bit offset value. For 
speed and compact instruction encoding, the segment 
register used for physical address generation is implied by 
the addressing mode used (see Table 3). These rules follow 
the way programs are written (see Fig. 6) as independent 
modules that require areas for code and data, a stack, and 
access to external data areas. 

Special segment override instruction prefixes allow the 
implicit segment register selection rules to be overridden 
for special cases. The stack, data, and extra segments may 
coincide for simple programs. 
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Fig.4 - MBL 80186 INSTRUCTION SET 



GENERAL PURPOSE 


MOV 


Move byte or word 


PUSH 


Push word onto stack 


POP 


Pop word off stack 


PUSHA 


Push all registers on stack 


POPA 


Pop all registers fronn stack 


XCHG 


Exchange byte or word 


XLAT 


Translate byte 


INPUT/OUTPUT 


IN 


Input byte or word 


OUT 


Output byte or word 


ADDRESS OBJECT 


LEA 


Load effective address 


LDS 


Load pointer using DS 


LES 


Load pointer using ES 


FLAG TRANSFER 


LAHF 


Load AH register from flags 


SAHF 


Store AH register in flags 


PUSHF 


Push flags onto stack 


POPF 


Pop flags off stack 




ADDfTION 


ADD 


Add byte or word 


ADC 


Add byte or word with carry 


INC 


Incrennent byte or word by 1 


AAA 


ASCII adjust for addition 


DAA 


Decimal adjust for addition 


SUBTRACTION 


SUB 


Subtract byte or word 


SBB 


Subtract byte or word with borrow 


DEC 


Decrement byte or word by 1 


NEG 


Negate byte word 


CMP 


Compare byte or word 


AAS 


ASCII adjust for subtraction 


DAS 


Decimal adjust for subtraction 


MULTIPLICATION 


MUL 


Multiply byte or word unsigned 


IMUL 


Integer multiply byte or word 


AAM 


ASCII adjust for multiply 


DIVISION 


DIV 


Divide byte or word unsigned 


IDIV 


Integer divide byte or word 


AAD 


ASCII adjust for division 


CBW 


Convert byte to word 


CWD 


Convert word to doubleword 



MOVS 


Move byte or word string 


INS 


Input bytes or word string 


OUTS 


Output bytes or word string 


CM PS 


Compare byte or word string 


SCAS 


Scan byte or word string 


LODS 


Load byte or word string 


STOS 


Store byte or word string 


REP 


Repeat 


REPE/REPZ 


Repeat while equal/zero 


REPNE/REPNZ 


Repeat while not equal/not zero 




LOGICALS 


NOT 


"Not" byte or word 


AND 


"And" byte or word 


OR 


"Inclusive or" byte or word 


XOR 


"Exclusive or" byte or word 


TEST 


"Test" byte or word 


SHIFTS 


SHL/SAL 


Shift logical/arithmetic left byte or word 


SHR 


Shift logical right byte or word 


SAR 


Shift arithmetic right byte or word 


ROTATES 


ROL 


Rotate left byte or word 


ROR 


Rotate right byte or word 


RCL 


Rotate through carry left byte or word 


RCR 


Rotate through carry right byte or word 




FLAG OPERATIONS 


STC 


Set carry flag 


CLC 


Clear carry flag 


CMC 


Complement carry flag 


STD 


Set direction flag 


CLD 


Clear direction flag 


STI 


Set interrupt enable flag 


CLI 


Clear interrupt enable flag 


EXTERNAL SYNCHRONIZATION 


HLT 


Halt until interrupt or reset 


WAIT 


Wait for TEST pin active 


ESC 


Escape to extension processor 


LOCK 


Lock bus during next instruction 


NO OPERATION 


NOP 1 No operation 


HIGH LEVEL INSTRUCTIONS 


ENTER 


Format stack for procedure entry 


LEAVE 


Restore stack for procedure exit 


BOUND 


Detects values outside prescribed range 
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Fig. 4 - MBL 80186 INSTRUCTION SET (Continued) 



CONDITIONAL TRANSFERS 


JA/JNBE 


Jump if above/not below nor equal 


JAE/JNB 


Jump if above or equal/not below 


JB/JNAE 


Jump if below/not above nor equal 


JBE/JNA 


Jump if below or equal/not above 


JC 


Jump if carry 


JE/JZ 


Jump if equal/zero 


JG/JNLE 


Jump if greater/not less nor equal 


JGE/JNL 


Jump if greater or equal/not less 


JL/JNGE 


Jump if less/not greater nor equal 


JLE/JNG 


Jump if less or equal/not greater 


JNC 


Jump if not carry 


JNE/JNZ 


Jump if not equal/not zero 


JNO 


Jump if not overflow 


JNP/JPO 


Jump if not parity/parity odd 


JNS 


Jump if not sign 


JO 


Jump if overflow 


JP/JPE 


Jump if parity /parity even 


JS 


Jump if sign 



UNCONDITIONAL TRANSFERS | 


CALL 


Call procedure 


RET 


Return from procedure 


JMP 


Jump 


ITERATION CONTROLS 


LOOP 


Loop 


LOOPE/LOOPZ 


Loop if equal/zero 


LOOPNE/LOOPNZ 


Loop if not equal/not zero 


JCXZ 


Jump if register CX = 


INTERRUPTS 


INT 


Interrupt 


INTO 


Interrupt if overflow 


IRET 


Interrupt return 



To access operands that do not reside in one of the four im- 
mediately available segments, a full 32-bit pointer can be 
used to reload both the base (segment) and offset values. 



Fig. 5 - TWO COMPONENT ADDRESS 



SHIFT LEFT 4 BITS 



SEGMENT ' 
BASE 



1 2 3 4 ; 



IZ2 



0022 



LOGICAL 
ADDRESS 



2 2 



12 3 6 2 

9 I 

TO MEMORY 



PHYSICAL ADDRESS 



Table 3 -SEGMENT REGISTER SELECTION RULES 



Memory 

Reference 

Needed 


Segment 

Register 

Used 


Implicit Segment 
Selection Rule 


Instructions 
Stack 

External Data 
(Global) 

Local Data 


Code (CS) 
Stack (SS) 

Extra (ES) 

Data (DS) 


Instruction prefetch and imme- 
diate data. 

All stack pushes and pops; any 
memory references which use 
BP Register as a base register. 

All string instruction references 
which use the Dl register as an 
index. 

All other data references. 



Fig. 6 - SEGMENTED MEMORY HELPS 
STRUCTURE SOFTWARE 

I T 

I I 



PROCESS 
DATA 
BLOCK 2 



I J 

MEMORY 











CODE 










L 








MODULE B 


DATA 






- 


CODE 






1 
f 




DATA 














STACK 












PROCESS 






EXTRA 


STACK 












SEGMENT 






1 
1 




REGISTERS 












PROCESS 
DATA 
BLOCK 1 











1-99 



MBL 80186 
MBL 80186-6 



FUJITSU 



Addressing Modes 

The MBL 80186 provides eight categories of addressing 
modes to specify operands. Two addressing modes are 
provided for instructions that operate on register or im- 
mediate operands: 

• Register Operand Mode: The operand is located in 
one of the 8- or 16-bit general registers. 

• Immediate Operand Mode: The operand is included 
in the instruction. 

Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand address 
consists of two 16-bit components: a segment base and an 
offset. The segment base is supplied by a 16-bit segment 
register either implicitly chosen by the addressing mode or 
explicitly chosen by a segment override prefix. The offset, 
also called the effective address, is calculated by summing 
any combination of the following three address elements: 

• the displacement (an 8- or 16-bit immediate value 
contained in the instruction); 

• the base (contents of either the BX or BP base registers); 
and 

• the index (contents of either the SI or Dl index regis- 
ters). 

Any carry out from the 16-bit addition is ignored. Eight-bit 
displacements are sign extended to 16-bit values. 

Combinations of these three address elements define 
the six memory addressing modes, described below. 

• Direct Mode: The operand's offset is contained in the 
instruction as an 8- or 16-bit displacement element. 

• Register Indirect Mode: The operand's offset is in one 
of the registers SI, Dl, BX, or BP. 

• Based Mode: The operand's offset is the sum of an 8- 
or 16-bit displacement and the contents of a base 
register (BX or BP). 

• Indexed Mode: The operand's offset is the sum of an 
8- or 16-bit displacement and the contents of an index 
register (SI or Dl). 

• Based Indexed Mode: The operand's offset is the sum of 
the contents of a base register and an index register. 

• Based Indexed Mode with Displacement: The operand's 
offset is the sum of a base register's contents, an index 
register's contents, and an 8- or 16-bit displacement. 

Data Types 

The MBL 80186 directly supports the following data types: 



• Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations as- 
sume a 2's complement representation. Signed 32- 
and 64-bit integers are supported using the MBL 80186 
and Intel 8087 Numeric Data Processor. 

• Ordinal: An unsigned binary numeric value contained 
in an 8-bit byte or a 16-bit word. 

• Pointer: A 16- or 32-bit quantity, composed of a 16-bit 
offset component or a 16-bit segment base component 
in addition to a 16-bit offset component. 

• String: A contiguous sequence of bytes or words. A 
string may contain from 1 to 64K bytes. 

• ASCII: A byte representation of alphanumeric and con- 
trol characters using the ASCII standard of character 
representation. 

• BCD: A byte (unpacked) representation of the decimal 
digits 0-9. 

• Packed BCD: A byte (packed) representation of two 
decimal digits (0-9). One digit is stored in each nibble 
(4-bits) of the byte. 

• Floating Point: A signed 32-, 64-, or 80-bit real number 
representation. (Floating point operands are supported 
using the MBL 80186 and Intel 8087 Numeric Data 
Processor configuration.) 

In general, individual data elements must fit within defined 
segment limits. Fig. 7 graphically represents the data types 
supported by the MBL 80186. 

I/O Space 

The I/O space consists of 64K 8-bit or 32K 16-bit ports. 
Separate instructions address the I/O space with either 
an 8-bit port address, specified in the instruction, or a 16- 
bit port address in the DX register. 8-bit port addresses 
are zero extended such that A15-A8 are LOW. I/O port 
addresses 00F8(H) through OOFF(H) are reserved. 

Interrupts 

An interrupt transfers execution to a new program loca- 
tion. The old program address (CS:IP) and machine state 
(Status Word) are saved on the stack to allow resumption 
of the interrupted program. Interrupts fall into three 
classes: hardware initiated, INT instructions, and instruc- 
tion exceptions. Hardware initiated interrupts occur in 
response to an external input and are classified as non- 
maskable or maskable. 

Programs may cause an interrupt with an INT instruc- 
tion. Instruction exceptions occur when an unusual condi- 
tion, which prevents further instruction processing, is 
detected while attempting to execute an instruction. If the 
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Fig. 7 - MBL 80186 SUPPORTED DATA TYPES 
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NOTE: 

*SUPPORTED BY MBL80188 AND INTEL 8087 NUMERIC 
DATA PROCESSOR CONFIGURATION. 



exception was caused by executing an ESC instruction with 
the ESC trap bit set in the relocation register, the return 
instruction will point to the ESC instruction, or to the seg- 
ment override prefix immediately preceding the ESC in- 
struction if the prefix was present. In all other cases, the 
return address from an exception will point at the instruc- 
tion immediately following the instruction causing the 
exception. 

A table containing up to 256 pointers defines the proper 
interrupt service routine for each interrupt. Interrupts 
0-31, some of which are used for instruction exceptions, 
are reserved. Table 4 shows the MBL 80186 predefined 
types and default priority levels. For each interrupt, an 
8-bit vector must be supplied to the MBL 80186 which 
identifies the appropriate table entry. Exceptions supply 
the interrupt vector internally. In addition, internal pe- 
ripherals and non-cascaded external interrupts will generate 
their own vectors through the internal interrupt controller. 
INT instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware initiated 
interrupts supply the 8-bit vector to the CPU during an 
interrupt acknowledge bus sequence. Non-maskable hard- 
ware interrupts use a predefined internally supplied vector. 

Interrupt Sources 

The MBL 80186 can service interrupts generated by soft- 
ware or hardware. The software interrupts are generated 
by specific instructions (INT, ESC, unused OP, etc.) or the 
results of conditions specified by instructions (array bounds 
check, INTO, DIV, IDIV, etc.). All interrupt sources are 
serviced by an indirect call through an element of a vector 
table. This vector table is indexed by using the interrupt 
vector type (Table 4), multiplied by four. All hardware- 
generated interrupts are sampled at the end of each instruc- 
tion. Thus, the software interrupts will begin service first. 
Once the service routine is entered and interrupts are 
enabled, any hardware source of sufficient priority can 
interrupt the service routine in progress. 

The software generated MBL 80186 interrupts are de- 
scribed below. 

• Divide Error Exception (Type 0) 

Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the destina- 
tion. 



• Single-Step Interrupt (Type 1) 

Generated after most instructions if the TF flag is set. Inter- 
rupts will not be generated after prefix instructions (e.g., 
REP), instructions which modify segment registers (e.g., 
POP DS), or the WAIT instruction. 
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Table 4 -MBL 80186 INTERRUPT VECTORS 





Vector 


Default 


Related 


Interrupt Name 


Type 


Priority 


Instructions 


Divide Error 





*1 


DIV, IDIV 


Exception 








Single Step 


1 


12**2 


All 


Interrupt 








NMI 


2 


1 


All 


Breakpoint 


3 


*1 


INT 


Interrupt 








INTO Detected 


4 


*1 


INTO 


Overflow 








Exception 








Array Bounds 


5 


*1 


BOUND 


Exception 








Unused-Opcode 


6 


*1 


Undefined 


Exception 






Opcodes 


ESC Opcode 


7 


*1*** 


ESC Opcodes 


Exception 








Timer Interrupt 


8 


2A**** 




Tinner 1 Interrupt 


18 


2B**** 




Timer 2 Interrupt 


19 


2C**** 




Reserved 


9 


3 




DMAO Interrupt 


10 


4 




DMA 1 Interrupt 


11 


5 




INTO Interrupt 


12 


6 




INT1 Interrupt 


13 


7 




INT2 Interrupt 


14 


8 




INT3 Interrupt 


15 


9 





NOTES: 

* 1. These are generated as the result of an instruction 
execution. 
**2. This is handled as in the MBL 8086. 
****3. All three timers constitute one source of request 
to the interrupt controller. The Timer interrupts 
all have the same default priority level with re- 
spect to all other interrupt sources. However, they 
have a defined priority ordering amongst them- 
selves. (Priority 2A is higher priority than 2B.) 
Each Timer interrupt has a separate vector type 
number. 
4. Default priorities for the interrupt sources are 
used only if the user does not program each source 
into a unique priority level. 
***5. An escape opcode will cause a trap only if the 
proper bit is set in the peripheral control block 
relocation register. 

• Non-Maskable Interrupt-NMI (Type 2) 

An external interrupt source which cannot be masked. 

• Breakpoint Interrupt (Type 3) 

A one-byte version of the INT instruction. It uses 12 as an 
index into the service routine address table (because it 
is a type 3 interrupt). 

• INTO Detected Overflow Exception (Type 4) 

Generated during an INTO instruction if the OF bit is set. 



• Array Bounds Exception (Type 5) 

Generated during a BOUND instruction if the array index is 
outside the array bounds. The array bounds are located in 
memory at a location indicated by one of the instruction 
operands. The other operand indicates the value of the 
index to be checked. 

• Unused Opcode Exception (Type 6) 

Generated if execution is attempted on undefined opcodes. 

• Escape Opcode Exception (Type 7) 

Generated if execution is attempted of ESC opcodes 
(D8H-tDFH). This exception will only be generated if a bit 
in the relocation register is set. The return address of this 
exception will point to the ESC instruction causing the 
exception. If a segment override prefix preceded the ESC 
instruction, the return address will point to the segment 
override prefix. 

Hardware-generated interrupts are divided into two groups: 
maskable interrupts and non-maskable interrupts. The 
MBL 80186 provides maskable hardware interrupt request 
pins INT0-INT3. In addition, maskable interrupts may be 
generated by the MBL 80186 integrated DMA controller 
and the integrated timer unit. The vector types for these 
interrupts is shown in Table 4. Software enables these in- 
puts by setting the interrupt flag bit (IF) in the Status 
Word. The interrupt controller is discussed in the peripheral 
section of this data sheet. 

Further maskable interrupts are disabled while servicing an 
interrupt because the IF bit is reset as part of the response 
to an interrupt or exception. The saved Status Word will re- 
flect the enable status of the processor prior to the inter- 
rupt. The interrupt flag will remain zero unless specifically 
set. The interrupt return instruction restores the Status 
Word, thereby restoring the original status of IF bit. If the 
interrupt return re-enables interrupts, and another inter- 
rupt is pending, the MBL 80186 will immediately service 
ahe highest-priority interrupt pending, i.e., no instructions 
of the main line program will be executed. 

Non-Maskable Interrupt Request (NMI) 

A non-maskable interrupt (NMI) is also provided. This 
interrupt is serviced regardless of the state of the IF bit. 
A typical use of NMI would be to activate a power failure 
routine. The activation of this input causes an interrupt 
with an internally supplied vector value of 2. No external 
interrupt acknowledge sequence is performed. The IF bit 
is cleared at the beginning of an NMI interrupt to prevent 
maskable interrupts from being serviced. 

Single-Step Interrupt 

The MBL 80186 has an internal interrupt that allows pro- 
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grams to execute one instruction at a time. It is called the 
single-step interrupt and is controlled by the single-step 
flag bit (TF) in the Status Word. Once this bit is set, an 
internal single-step interrupt will occur after the next 
instruction has been executed. The interrupt clears the TF 
bit and uses an internally supplied vector of 1. The I RET 
instruction is used to set the TF bit and transfer control to 
the next instruction to be single-stepped. 

Initialization and Processor Reset 

Processor initialization or startup is accomplished by 
driving the RES input pin LOW. RES forces the MBL 80186 
to terminate all execution and local bus activity. No in- 
struction or bus activity will occur as long as RES is active. 
After RES becomes inactive and an internal processing 
interval elapses, the MBL 80186 begins execution with the 
instruction at physical location FFFFO(H). RES also sets 
some registers to predefined values as shown in Table 5. 



CO (Shunt Capacitance of Crystal) 
CI (Load Capacitance): 
Drive Level: 



7.0 pF max 

20pF±2pF 

1 mW max 



Fig. 8 - RECOMMENDED MBL 80186 CRYSTAL 
CONFIGURATION 



X2 
MBL 80186 



-31 
X 



Z±Z 20pF 

X MHz CRYSTAL 
20pF 



MBL 80186 (8 MHz) 



MBL 80186 (6 MHz) 



Table 5 - 



MBL 80186 INITIAL REGISTER STATE 
AFTER RESET 



Status Word 


F002(H) 


Instruction Pointer 


0000(H) 


Code Segnnent 


FFFF(H) 


Data Segnnent 


0000(H) 


Extra Segnnent 


0000(H) 


Stack Segnnent 


0000(H) 


Relocation Register 


20FF(H) 


UMCS 


FFFB(H) 



MBL 80186 CLOCK GENERATOR 

The MBL 80186 provides an on-chip clock generator for 
both internal and external clock generation. The clock 
generator features a crystal oscillator, a divide-by-two 
counter, synchronous and asynchronous ready inputs, and 
reset circuitry. 

Oscillator 

The oscillator circuit of the MBL 80186 is designed to be 
used with a parallel resonant fundamental mode crystal. 
This is used as the time base for the MBL 80186. The 
crystal frequency selected will be double the CPU clock 
frequency. Use of an LC or RC circuit is not recommended 
with this oscillator. If an external oscillator is used, it can 
be connected directly to input pin XI in lieu of- a crystal. 
The output of the oscillator is not directly available outside 
the MBL 80186. The recommended crystal configuration is 
shown in Fig. 8. 

The following parameters may be used for choosing a 
crystal: 



Temperature Range: 

ESR (Equivalent Series Resistance): 



to 70 C 
3012 max 



Clock Generator 

The MBL 80186 clock generator provides the 50% duty 
cycle processor clock for the MBL 80186. It does this by 
dividing the oscillator output by 2 forming the symmetrical 
clock. If an external oscillator is used, the state of the clock 
generator will change on the falling edge of the oscillator 
signal. The CLKOUT pin provides the processor clock signal 
for use outside the MBL 80186. This may be used to drive 
other system components. All timings are referenced to the 
output clock. 

READY Synchronization 

The MBL 80186 provides both synchronous and asynchro- 
nous ready inputs. Asynchronous ready synchronization is 
accomplished by circuitry which samples ARDY in the 
middle of T2, T3 and again in the middle of each Tw until 
ARDY is sampled HIGH. One-half CLKOUT cycle of re- 
solution time is used. Full synchronization is performed 
only on the rising edge of ARDY, i.e., the falling edge of 
ARDY must be synchronized to the CLKOUT signal if it 
will occur during T2, T3 or TW. High-to-LOW transitions 
of ARDY must be performed synchronously to the CPU 
clock. 

A second ready input (SRDY) is provided to interface 
with externally synchronized ready signals. This input is 
sampled at the end of T2, T3 and again at the end of each 
Tw until it is sampled HIGH. By using this input rather 
than the asynchronous ready input, the half-clock cycle 
resolution time penalty is eliminated. 

This input must satisfy set-up and hold times to guarantee 
proper operation of the circuit. 

In addition, the MBL 80186, as part of the integrated 



m 
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chip-select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is discussed 
in the Chip Select/Ready Logic description. 

RESET Logic 

The MBL 80186 provides both a RES input pin and a syn- 
chronized RESET pin for use with other system com- 
ponents. The RES input pin on the MBL 80186 is provided 
with hysteresis in order to facilitate power-on Reset genera- 
tion via an RC network. RESET is guaranteed to remain 
active for at least five clocks given a RES input of at least 
six clocks. RESET may be delayed up to two and one-half 
clocks behind RES. 



Table 6 - TRANSCEIVER CONTROL SIGNALS 
DESCRIPTION 



Pin Name 


Function 


DEN (Data Enable) 

DT/R (Data Transmit/ 
Receive) 


Enables the output drivers of the 
transceivers. It is active LOW during 
memory, I/O, or INTA cycles. 

Determines the direction of travel 
through the transceivers. A HIGH 
level directs data away from the 
processor during write operations, 
while a LOW level directs data to- 
ward the processor during a read 
operation. 



Multiple MBL 80186 processors may be synchronized 
through the RES input pin, since this input resets both 
the processor and divide-by-two internal counter in the 
clock generator. In order to insure that the divide-by-two 
counters all begin counting at the same time, the active 
going edge of RES must satisfy a 25 ns setup time before 
the falling edge of the MBL 80186 clock input. In addition, 
in order to insure that all CPUs begin executing in the same 
clock cycle, the reset must satisfy a 25 ns setup time before 
the rising edge of the CLKOUT signal of all the processors. 

LOCAL BUS CONTROLLER 

The MBL 80186 provides a local bus controller to generate 
the local bus control signals. In addition, it employs a 
HOLD/HLDA protocol for relinquishing the local bus to 
other bus masters. It also provides control lines that can 
be used to enable external buffers and to direct the flow of 
data on and off the local bus. 

Memory/Peripheral Control 

The MBL 80186 provides ALE, RD, and WR bus control 
signals. The "RD and WR signals are used to strobe data 
from memory to the MBL 80186 or to strobe data from the 
MBL 80186 to memory. The ALE line provides a strobe to 
address latches for the multiplexed address/data bus. The 
MBL 80186 local bus controller does not provide a 
memory/I/O signal. If this is required, the user will have to 
use the S2 signal (which will require external latching), 
make the memory and I/O spaces nonoverlapping, or use 
only the integrated chip-select circuitry. 



Transceiver Control 

The MBL 80186 generates two control signals to be con- 
nected to MBL 8286/8287 transceiver chips. This capability 
allows the addition of transceivers for extra buffering with- 
out adding external logic. These control lines, DT/R and 
DEN, are generated to control the flow of data through the 
transceivers. The operation of these signals is shown in 
Table 6. 



Local Bus Arbitration 

The MBL 80186 uses a HOLD/HLDA system of local 
bus exchange. This provides an asynchronous bus ex- 
change mechanism. This means multiple masters utilizing 
the same bus can operate at separate clock frequencies. 
The MBL 80186 provides a single HOLD/HLDA pair 
through which all other bus masters may gain control 
of the local bus. This requires external circuitry to arbitrate 
which external device will gain control of the bus from 
the MBL 80186 when there is more than one alternate local 
bus master. When the MBL 80186 relinquishes control of 
the local bus, it floats DEN, RD, WR, S0-S2, LOCK, 
AD0-AD15, A16-A19, BHE, and DT/R to allow another 
master to drive these lines directly. 

The MBL 80186 HOLD latency time, i.e., the time between 
HOLD request and HOLD acknowledge, is a function of the 
activity occurring in the processor when the HOLD request 
is received. A HOLD request is the highest-priority activity 
request which the processor may receive: higher than in- 
struction fetching or internal DMA cycles. However, if a 
DMA cycle is in progress, the MBL 80186 will complete the 
transfer before relinquishing the bus. This implies that if a 
HOLD request is received just as a DMA transfer begins, the 
HOLD latency time can be as great as 4 bus cycles. This 
will occur if a DMA word transfer operation is taking place 
from an odd address to an odd address. This is a total of 16 
clocks or more, if WAIT states are required. In addition, it 
locked transfers are performed, the HOLD latency time will 
be increased by the length of the locked transfer. 

Local Bus Controller and Reset 

Upon receipt of a RESET pulse from the RES input, the 
local bus controller will perform the following actions: 
• Drive DEN, RD, and WR HIGH for one clock cycle, then 
float. 

NOTE: RD is also provided with an internal pull-up 
device to prevent the processor from inadvertently enter- 
ing Queue Status mode during reset. 
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Drive S0-S2 to the passive state (all HIGH) and then 
float. 



• Drive LOCK HIGH and then float. 

• TristateADO-15, A16-19,BHE, DT/R. 

• Drive ALE LOW (ALE is never floated). 

• Drive HLDA LOW. 

INTERNAL PERIPHERAL INTERFACE 

All the MBL 80186 integrated peripherals are controlled 
via 16-bit registers contained within an internal 256-byte 
control block. This control block may be mapped into 
either memory or I/O space. Internal logic will recognize 
the address and respond to the bus cycle. During bus cycles 
to internal registers, the bus controller will signal the 
operation externally (i.e., the RD, WR, status, address, 
data, etc., lines will be driven as in a normal bus cycle), but 
D15-0, SRDY, and ARDY will be ignored. The base 
address of the control block must be on an even 256-byte 
boundary (i.e., the lower 8 bits of the base address are all 
zeros). All of the defined registers within this control block 
may be read or written by the MBL 80186 CPU at any 
time. The location of any register contained within the 256- 
byte control block is determined by the current base 
address of the control block. 

The control block base address is programmed via a 16-bit 
relocation register contained within the control block at 
offset FEH from the base address of the control block (see 
Fig. 9). It provides the upper 12 bits of the base address 
of the control block. Note that mapping the control register 
block into an address range corresponding to a chip-select 
range is not recommended (the chip select circuitry is 
discussed later in this data sheet). In addition, bit 12 of 
this register determines whether the control block will be 
mapped into I/O or memory space. If this bit is 1, the 
control block will be located in memory space, whereas if 
the bit is 0, the control block will be located in I/O space. 
If the control register block is mapped into I/O space, the 
upper 4 bits of the base address must be programmed as 
(since I/O addresses are only 16 bits wide). 
In addition to providing relocation information for the 
control block, the relocation register contains bits which 
place the interrupt controller into iRMX mode, and cause 
the CPU to interrupt upon encountering ESC instructions. 



At RESET, the relocation register is set to 20FFH. This 
causes the control block to start at FFOOH in I/O space. 
An offset map of the 256-byte control register block is 
shown in Fig. 10. 

The integrated MBL 80186 peripherals operate semi- 
autonomously from the CPU. Access to them for the most 
part is via software read/write of the control and data 
locations in the control block. Most of these registers can 
be both read and written, A few dedicated lines, such as 
interrupts and DMA request provide real-time communica- 
tion between the CPU and peripherals as in a more con- 
ventional system utilizing discrete peripheral blocks. The 
overall interaction and function of the peripheral blocks 
has not substantially changed. 

CHIP-SELECT/READY GENERATION LOGIC 

The MBL 80186 contains logic which provides program- 
mable chip-select generation for both memories and pe- 
ripherals. In addition, it can be programmed to provide 
READY (or WAIT state) generation. It can also provide 
latched address bits A1 and A2. The chip-select lines are 
active for all memory and I/O cycles in their programmed 
areas, whether they be generated by the CPU or by the 
integrated DMA unit. 

Memory Chip Selects 

The MBL 80186 provides 6 memory chip select outputs 
for 3 address areas: upper memory, lower memory, and 
midrange memory. One each is provided for upper memory 
and lower memory, while four are provided for midrange 
memory. 

The range for each chip select is user-programmable and can 
be set to 2K, 4K, 8K, 16K, 32K, 64K, 128K (plus 1 K and 
256K for upper and lower chip selects). In addition, the 
beginning or base address of the midrange memory chip 
select may also be selected. Only one chip select may be 
programmed to be active for any memory location at a 
time. All chip select sizes are in bytes, whereas MBL 80186 
memory is arranged in words. This means that if, for 
example, 16 64K x 1 memories are used, the memory block 
size will be 128K, not 64K. 





Fig. 9 - RELOCATION REGISTER 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 




OFFSET: FEH 


ET 


RMX 


X 


M/IO 


Relocation Address Bits R19-R8 






ET = ESC Trap/ No ESC Trap (1/0) 

M/IO = Register block located in Memory / I/O Space (1/0) 

RMX = Master Interrupt Controller mode /iRMX compatible Interrupt Controller mode (0/1) 
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Fig. 10 - INTERNAL REGISTER 


MAP 

OFFSET 
FEH 

DAH 
DOH 

CAH 
COH 

ASH 
AOH 

66H 
60H 
5EH 
58H 
56H 
50H 

3EH 
20 H 




Relocation Register 




DMA Descriptors Channel 1 




DMA Descriptors Channel 




Chip-Select Control Registers 




Timer 2 Control Registers 


Timer 1 Control Registers 


Timer Control Registers 




Interrupt Controller Registers 







Table? - UMCS PROGRAMMING VALUES 



• Upper Memory CS 

The MBL 80186 provides a chip select, called UCS, for the 
top of memory. The top of memory is usually used as the 
system memory because after reset the MBL 80186 begins 
executing at memory location FFFFOH. 

The upper limit of memory defined by this chip select is 
always FFFFFH, while the lower limit is programmable. By 
programming the lower limit, the size of the select block 
is also defined. Table 7 shows the relationship between the 
base address selected and the size of the memory block 
obtained. 

The lower limit of this memory block is defined in the 
UMCS register (see Fig. 11). This register is at offset AOH 
in the internal control block. The legal values for bits 6-13 
and the resulting starting address and memory block sizes 
are given in Table 7. Any combination of bits 6-13 not 
shown in Table 7 will result in undefined operation. After 
reset, the UMCS register is programmed f or a 1 K area. It 
must be reprogrammed if a larger upper memory area is 
desired. 

Any internally generated 20-bit address whose upper 16 
bits are greater than or equal to UMCS (with bits 0-5 "0") 
will cause UCS to be activated. UMCS bits R2-R0 are used 
to specify READY mode for the area or memory defined 
by this chip-select register, as explained below. 



Starting Address 


Memory 


UMCS Value 
(Assuming 


(Base Address) 


Block Size 






R0= R1 = R2 = 0) 


FFCOO 


IK 


FFF8H 


FF800 


2K 


FFB8H 


FFOOO 


4K 


FF38H 


FEOOO 


8K 


FE38H 


FCOOO 


16K 


FC38H 


F8000 


32K 


F838H 


FOOOO 


64K 


F038H 


EOOOO 


128K 


E038H 


COOOO 


256K 


C038H 



• Lower Memory CS 

The MBL 80186 provides a chip select for low memory 
called LCS. The bottom of memory contains the interrupt 
vector table, starting at location OOOOOH. 

The lower limit of memory defined by this chip select is 
always OH, while the upper limit is programmable. By 
programming the upper limit, the size of the memory block 
is also defined. Table 8 shows the relationship between 
the upper address selected and the size of the memory 
block obtained. 

The upper limit of this memory block is defined in the 
LMCS register (see Fig. 12). This register is at offset A2H 
in the internal control block. The legal values for bits 6-15 
and the resulting upper address and memory block sizes 
are given in Table 8. Any combination of bits 6-15 not 
shown in Table 8 will result in undefined operation. After 
reset, the LMCS register value is undefined. However, the 
LCS chip-select line will not become active until the LMCS 
register is accessed. 

Any internally generated 20-bit address whose upper 16 
bits are less than or equal to LMCS (with bits 0-5 "1") will 
cause LCS to be active. LMCS register bits R2-R0 are used 
to specify the READY mode for the area of memory 
defined by this chip-select register. 

Table 8 -LMCS PROGRAMMING VALUES 



Upper Address 


Memory 
Block Size 


LMCS Value 

(Assuming 

R0=R1 = R2 = 0) 


003FFH 
007FFH 
OOFFFH 
01FFFH 
03FFFH 
07FFFH 
OFFFFH 
1FFFFH 
3FFFFH 


IK 

2K 

4K 

8K 

16K 

32K 

64K 

128K 

256K 


0038H 
0078H 
00F8H 
01F8H 
03F8H 
07F8H 
0FF8H 
1FF8H 
3FF8H 
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• Mid-Range Memory CS 

The MBL 80186 provides four MCS lines which are active 
within a user-locatable memory block. This block can be 
located anywhere within the MBL 80186 1M byte memory 
address space exclusive of the areas defined by UCS and 
LCS. Both the base address and size of this memory block 
are programmable. 

The size of the memory block defined by the mid-range 
select lines, as shown in Table 9, is determined by bits 
8-14 of the MPCS register (see Fig. 13). This register is 
at location A8H in the internal control block. One and 
only one of bits 8-14 must be set at a time. Unpredictable 
operation of the MCS lines will otherwise occur. Each of 
the four chip-select lines is active for one of the four equal 
contiguous divisions of the mid-range block. Thus, if the 
total block size is 32K, each chip select is active for 8K of 
memory with MCSO being active for the first range and 
MCS3 being active for last range. 

The EX and MS in MPCS relate to peripheral functionally 
as described in a later section. 

Table 9 -MPCS PROGRAMMING VALUES 



Total Block 


Individual 


MPCS Bits 


Size 


Select Size 


14-8 


8K 


2K 


0000001 B 


16K 


4K 


000001 OB 


32K 


8K 


00001 00 B 


64 K 


16K 


0001 OOOB 


128K 


32K 


001 0000 B 


256K 


64 K 


01 00000 B 


512K 


128K 


lOOOOOOB 



The base address of the mid-range memory block is defined 
by bits 15-9 of the MMCS register (see Fig. 14). This 
register is at offset A6H in the internal control block. These 



bits correspond to bits A19-A13 of the 20-bit memory 
address. Bits A12-A0 of the base address are always 0. The 
base address may be set at any integer multiple of the size 
of the total memory block selected. For example, if the 
mid-range block size is 32K (or the size of the block for 
which each MCS line is active is 8K), the block could be 
located at 10000H or 18000H, but not at 14000H, since 
the first few integer multiples of a 32K memory block are 
OH, 8000H, 10000H, 18000H, etc. After reset, the con- 
tents of both of these registers are undefined. However, 
none of the MCS lines will be active until both the MMCS 
and MPCS registers are accessed. 

MMCS bits R2-R0 specify READY mode of operation for 
all mid-range chip selects. All devices in mid-range memory 
must use the same number of WAIT states. 

The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the base address 
would have to be at either locations OOOOOH or 80000H. If 
it were to be programmed at OOOOOH when the LCS line 
was programmed, there would be an internal conflict be- 
tween the LCS ready generation logic and the MCS ready 
generation logic. Likewise, if the base address were pro- 
grammed at 80000H, there would be a conflict with the 
UCS ready generation logic. Since the LCS chip-select line 
does not become active until programmed, while the UCS 
line is active at reset, the memory base can be set only at 
OOOOOH. If this base address is selected, however, the LCS 
range must not be programmed. 

Peripheral Chip Selects 

The MBL 80186 can generate chip selects for up to seven 
peripheral devices. These chip selects are active for seven 
contiguous blocks of 128 bytes above a programmable base 
address. This base address may be located in either memo- 
ry or I/O space. 



OFFSET: 


AOH 


15 


14 


13 


12 


Fig. 11 -UMCS REGISTER 

11 10 9 8 7 


6 


5 


4 


3 


2 


1 







1 


1 


u 


u 


U 


U 


u 


u 


U 


U 


1 


1 


1 


R2 


R1 


RO 




A19 








All 



















OFFSET: 


A2H 


15 


14 


13 


12 


Fig. 12 - LMCS REGISTER 

11 10 9 8 7 6 


5 


4 


3 


2 


1 













u 


u 


U 


U 


u 


u 


U 


U 


1 


1 


1 


R2 


R1 


RO 




A19 








All 
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OFFSET: 


ASH 


15 


14 


13 


12 


Fig. 13 -MFCS REGISTER 

11 10 9 8 7 6 


5 


4 


3 


2 


1 







■ -'■ 

1 


M6 


M5 


M4 


M3 


M2 


Ml 


MO 


EX 


MS 


1 


1 


1 


R2 


R1 


RO 





























OFFSET: 


A6H 


15 


14 


13 


12 


Fig. 14 - MMCS REGISTER 

11 10 9 8 7 6 


5 


4 


3 


2 


1 







u 


u 


U 


U 


U 


U 


U 


1 


1 


1 


1 


1 


1 


R2 


R1 


RO 




A19 








A13 

















Seven CS lines called PCSO-6 are generated by the 
MBL 80186. The base address is user-programmable; how- 
ever it can only be a multiple of IK bytes, i.e., the least 
significant 10 bits of the starting address are always 0. 

PCS5 and PCS6 can also be programmed to provide latched 
address bits A1, A2. If so programmed, they cannot be used 
as peripheral selects. These outputs can be connected 
directly to the AO, A1 pins used for selecting internal 
registers of 8-bit peripheral chips. This scheme simplifies 
the hardware interface because the 8-bit registers of pe- 
ripherals are simply treated as 16-bit registers located on 
even boundaries in I/O space or memory space where only 
the lower 8-bits of the register are significant: the upper 
8-bits are "don't cares." 

The starting address of the peripheral chip-select block is 
defined by the PACS register (see Fig. 15). This register is 
located at offset A4H in the internal control block. Bits 
15-6 of this register correspond to bits 19-10 of the 20-bit 
Programmable Base Address (PBA) of the peripheral chip- 
select block. Bits 9-0 of the PBA of the peripheral chip- 
select block are all zeros. If the chip-select block is located 
in I/O space, bits 12-15 must be programmed zero, since 
the I/O address is only 16 bits wide. Table 10 shows the 
address range of each peripheral chip select with respect 
to the PBA contained in PACS register. 
The user should program bits 15-6 to correspond to the 



desired peripheral base location. PACS bits 0-2 are used to 
specify READY mode for PCS0-PCS3. 

Table 10 - PCS ADDRESS RANGES 



PCS Line 


Active between Locations 


peso 


PBA - PBA+ 127 


PCS1 


PBA+ 128 - PBA -h 255 


PCS2 


PBA -^ 256 - PBA + 383 


PCS3 


PBA -H 384 - PBA -H 511 


PCS4 


PBA -H 512 - PBA -f- 639 


PCS5 


PBA + 640 - PBA + 767 


PCS6 


PBA ^- 768 - PBA -(- 895 



The mode of operation of the peripheral chip selects is 
defined by the MPCS register (which is also used to set* 
the size of the mid-range memory chip-select block, see 
Fig. 16). This register is located at offset ASH in the 
internal control block. Bit 7 is used to select the function 
of PCS5 and PCS6, while bit 6 is used to select whether the 
peripheral chip selects are mapped into memory or I/O 
space. Table 11 describes the programming of these bits. 
After reset, the contents of both the MPCS and the PACS 
registers are undefined, however none of the PCS lines will 
be active until both of the MPCS and PACS registers are 
accessed. 

MPCS bits 0-2 are used to specify READY mode for 
PCS4-PCS6 as outlined below. 



OFFSET: 


A4H 


15 


14 


13 


12 


Fig. 15 - PACS REGISTER 

11 10 9 8 7 6 
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4 
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2 


1 
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U 


U 


U 


1 


1 


1 


R2 


R1 


RO 




A19 








A10 
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Table 11 -MS, EX PROGRAMMING VALUES 



Bit 


Description 


MS 
EX 


1 = Peripherals mapped into memory space. 
= Peripherals mapped into I/O space. 

= 5 PCS lines. A1, A2 provided. 

1 = 7 PCS lines. A1 , A2 are not provided. 



READY Generation Logic 

The MBL 80186 can generate a "READY" signal internally 
for each of the memory or peripheral CS lines. The number 
of WAIT states to be inserted for each peripheral or memo- 
ry is programmable to provide 0-3 wait states for all 
accesses to the area for which the chip select is active. In 
addition, the MBL 80186 may be programmed to either 
ignore external READY for each chip-select range indi- 



vidually or to factor external READY with 
ready generator. 



the integrated 



READY control consists of 3 bits for each C§ line or group 
of lines generated by the MBL 80186. The interpretation of 
the ready bits is shown in Table 12. 

Table 12 - READY BITS PROGRAMMING 



R2 


R1 


RO 


Number of WAIT States Generated 











wait states, external RDY also 
used. 








1 


1 wait state inserted, external RDY 
also used. 





1 





2 wait states inserted, external RDY 
also used. 





1 


1 


3 wait states inserted, external RDY 
also used. 


1 








wait states, external RDY ignored. 


1 





1 


1 wait state inserted, external RDY 
ignored. 


1 

1 


1 

1 




1 


2 wait states inserted, external RDY 
ignored. 

3 wait states inserted, external RDY 
ignored. 



The internal ready generator operates in parallel with 
external READY, not in series if the external READY is 
used (R2 = 0). This means, for example, if the internal 
generator is set to insert two wait states, but activity on 
the external READY lines will insert four wait states, the 
processor will only insert four wait states, not six. This is 
because the two wait states generated by the internal 
generator overlapped the first two wait states generated by 
the external ready signal. Note that the external ARDY and 



SRDY lines are always ignored during cycles accessing 
internal peripherals. 

R2-R0 of each control word specifies the READY mode 
for the corresponding block, with the exception of the 
peripheral chip selects: R2-R0 of PACS set the PCSO-3 
READY mode, R2-R0 of MPCS set the PCS4-6 READY 
mode. 

Chip Select/Ready Logic and Reset 

Upon reset, the Chip-Select/Ready Logic will perform the 
following actions: 

• All chip-select outputs will be driven HIGH. 

• Upon leaving RESET, the UCS line will be programmed 
to provide chip selects to a 1 K block with the accom- 
panying READY control bits set at Oil to allow the 
maximum number of internal wait states in conjunction 
with external Ready consideration (i.e., UMCS resets to 
FFFBH). 

• No other chip select or READY control registers have 
any predefined values after RESET. They will not 
become active until the CPU accesses their control 
registers. Both the PACS and MPCS registers must be 
accessed before the PCS lines will become active. 

DMA CHANNELS 

The MBL 80186 DMA controller provides two independent 
high-speed DMA channels. Data transfers can occur be- 
tween memory and I/O spaces (e.g., Memory to I/O) or 
within the same space (e.g.. Memory to Memory or I/O 
to I/O). Data can be transferred either in bytes (8 bits) or 
in words (16 bits) to or from even or odd addresses. Each 
DMA channel maintains both a 20-bit source and destina- 
tion pointer which can be optionally incremented or de- 
cremented after each data transfer (by one or two depend- 
ing on byte or word transfers). Each data transfer consumes 
2 bus cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. This provides a maximum 
data transfer rate of one Mword/sec or 2 MBytes/sec. 

DMA Operation 

Each channel has six registers in the control block which 
define each channel's specific operation. The control 
registers consist of a 20-bit Source Pointer (2 words), a 
20-bit Destination Pointer (2 words), a 16-bit Transfer 
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Counter, and a 16-bit Control Word. The format of the 
DMA Control Blocks is shown in Table 13. The Transfer 
Count Register (TC) specifies the number of DMA trans- 
fers to be performed. Up to 64 K byte or word transfers 
can be performed with automatic termination. The Control 
Word defines the channel's operation (see Fig. 18). All 
registers may be modified or altered during any DMA 
activity. Any changes made to these registers will be re- 
flected immediately in DMA operation. 

Table 13 - DMA CONTROL BLOCK FORMAT 



Register Name 


Register Address 1 


Ch.O 


Ch. 1 


Control Word 

Transfer Counter 

Destination Pointer (upper 4 bits) 

Destination Pointer 

Source Pointer (upper 4 bits) 

Source Pointer 


CAH 
C8H 
C6H 
C4H 
C2H 
COH 


DAH 
D8H 
D6H 
D4H 
D2H 
DOH 



DMA Channel Control Word Register 

Each DMA Channel Control Word determines the mode 
of operation for the particular MBL 80186 DMA channel. 
This register specifies: 

• the mode of synchronization; 

• whether bytes or words will be transferred; 

• whether interrupts will be generated after the last 
transfer; 



• whether DMA activity will cease after a programmed 
number of DMA cycles; 

• the relative priority of the DMA channel with respect to 
the other DMA channel; 

• whether the source pointer will be incremented, de- 
cremented, or maintained constant after each transfer; 

• whether the source pointer addresses memory or I/O 
space; 

• whether the destination pointer will be incremented, 
decremented, or maintained constant after each transfer, 
and 

• whether the destination pointer will address memory or 
I/O space. 

The DMA channel control registers may be changed while 
the channel is operating. However, any changes made 
during operation will affect the current DMA transfer. 

DMA Control Word Bit Descriptions 

B/W: Byte/Word (0/1 ) Transfers. 



ST/STOP: 



Start/Stop (1/0) Channel. 



CHG/NOCHG: 



Change/Do not change (1/0) ST/STOP 
bit. If this- bit is set when writing to the 
control word, the ST/STOP bit will be 
programmed by the write to the control 
word. If this bit is cleared when writing 
the control word, the ST/ STOP bit will 



C 



Fig. 17 -DMA UNIT BLOCK DIAGRAM 
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not be altered. This bit is not stored; it 
will always be a on read. 



DEST: INC Incrennent destination pointer by 1 or 2 

(B/W) after each transfer. 



INT: 



Enable Interrupts to CPU on Transfer 
Count termination. 



IVI/IO Destination pointer is in M/IO space 
(1/0). 



TC: 



If set, DMA will ternninate when the 
contents of the Transfer Count regis- 
ter reach zero. The ST/STOP bit will 
also be reset at this point if TC is set. 
If this bit is cleared, the DMA unit 
will decrement the transfer count 
register for each DMA cycle, but the 
DMA transfer will not stop when the 
contents of the TC register reach zero. 



DEC Decrement destination pointer by 1 or 2 
(depending on B/W) after each transfer. 

Channel priority — relative to other 
channel. 

low priority. 

1 high priority. 

Channels will alternate cycles if both set 
at same priority level. 



SYN: 
(2 bits) 



00 



01 
10 
11 



No synchronization. 
NOTE: The ST bit will be cleared 
automatically when the contents 
of the TC register reach zero re- 
gardless of the state of the TC bit. 
Source synchronization. 
Destination synchronization. 
Unused. 



SOURCE: INC Increment source pointer by 1 or 2 
(depends on B/W) after each trans- 
fer. 

M/IO Source pointer is in M/IO space (1/0). 

DEC Decrement source pointer by 1 or 2 
(depends on B/W) after each transfer. 



TDRQ: 



Bit 3: 



0: Disable DMA requests from timer 

2. 
1: Enable DMA requests from timer 2. 

Bit 3 is not used. 



If both INC and DEC are specified for the same pointer, the 
pointer will remain constant after each cycle. 



DMA Destination and Source Pointer Registers 

Each DMA channel maintains a 20-bit source and a 20-bit 
destination pointer. Each of these pointers takes up two 
full 16-bit registers in the peripheral control block. The 
lower four bits of the upper register contain the upper 
four bits of the 20-bit physical address (see Fig. 18a). These 
pointers may be individually incremented or decremented 
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after each transfer. If word transfers are performed, the 
pointer is incremented or decremented by two. Each 
pointer may point into either memory or I/O space. Since 
the DMA channels can perform transfers to or from odd 
addresses, there is no restriction on values for the pointer 
registers. Higher transfer rates can be obtained if all word 
transfers are performed to even addresses, since this will 
allow data to be accessed in a single memory access. 

DMA Transfer Count Register 

Each DMA channel maintains a 16-bit transfer count 
register (TC). This register is decremented after every DMA 
cycle, regardless of the state of the TC bit in the DMA 
Control Register. If the TC bit in the DMA control word is 
set or unsynchronized transfers are programmed, however, 
DMA activity will terminate when the transfer count 
register reaches zero. 

DMA Requests 

Data transfers may be either source or destination syn- 
chronized, that is either the source of the data or the 
destination of the data may request the data transfer. In 
addition, DMA transfers may be unsynchronized; that is, 
the transfer will take place continually until the correct 
number of transfers has occurred. When source or unsyn- 
chronized transfers are performed, the DMA channel may 
begin another transfer immediately after the end of a 
previous DMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles (as- 
suming no wait states). No prefetching occurs when desti- 
nation synchronization is performed, however. Data will 
not be fetched from the source address until the destina- 



tion device signals that it is ready to receive it. When 
destination synchronized transfers are requested, the DMA 
controller will relinquish control of the bus after every 
transfer. If no other bus activity is initiated, another DMA 
cycle will begin after two processor clocks. This is done to 
allow the destination device time to remove its request 
if another transfer is not desired. Since the DMA controller 
will relinquish the bus, the CPU can initiate a bus cycle. As 
a result, a complete bus cycle will often be inserted be- 
tween destination synchronized transfers. These lead to 
the maximum DMA transfer rates shown in Table 14. 

Table 14 -MAXIMUM DMA TRANSFER RATES 



Type of 

Synchronization 

Selected 


CPU Running 


CPU Halted 


Unsynchronized 
Source Synch 
Destination Synch 


2M Bytes/ sec 
2M Bytes/sec 
1.3MBytes/sec 


2IVIBytes/sec 
2IVIBytes/sec 
1.5MBytes/sec 



DMA Acknowledge 

No explicit DMA acknowledge pulse is provided. Since 
both source and destination pointers are maintained, 
a read from a requesting source, or a write to a requesting 
destination, should be used as the DMA acknowledge signal. 
Since the chip-select lines can be programmed to be active 
for a given block of memory or I/O space, and the DMA 
pointers can be programmed to point to the same given 
block, a chip-select line could be used to indicate a DMA 
acknowledge. 

DMA Priority 

The DMA channels may be programmed such that one 
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channel is always given priority over the other, or they 
may be programnned such as to alternate cycles when both 
have DMA requests pending. DMA cycles always have 
priority over internal CPU cycles except between locked 
memory accesses or word accesses the odd memory loca- 
tions; however, an external bus hold takes priority over an 
internal DMA cycle. Because an interrupt request cannot 
suspend a DMA operation and the CPU cannot access 
memory during a DMA cycle, interrupt latency time will 
suffer during sequences of continuous DMA cycles. An 
NMI request, however, will cause all internal DMA activity 
to halt. This allows the CPU to quickly respond to the NMI 
request. 

DMA Programming 



DMA cycles will occur whenever the ST/STOP bit of the 
Control Register is set. If synchronized transfers are pro- 
grammed, a DRQ must also have been generated. There- 
fore, the source and destination transfer pointers, and the 
transfer count register (if used) must be programmed before 
this bit is set. 

Each DMA register may be modified while the channel 
is operating. If the CHG/NOCHG bit is cleared when the 
control register is written, the ST/STOP bit of the control 
register will not be modified by the write. If multiple 
channel registers are modified, it is recommended that a 
LOCKED string transfer be used to prevent a DMA trans- 
fer from occurring between updates to the channel regis- 
ters. 



DMA Channels and Reset 

Upon RESET, the DMA channels will 
ing actions: 



perform the follow- 



• The Start/Stop bit for each channel will be reset to 
STOP. 

• Any transfer in progress is aborted. 

TIMERS 

The MBL 80186 provides three internal 16-bit programma- 
ble timers (see Fig. 19). Two of these are highly flexible 
and are connected to four external pins (2 per timer). They 
can be used to count external events, time external events, 
generate nonrepetitive waveforms, etc. The third timer is 



not connected to any external pins, and is useful for real- 
time coding and time delay applications. In addition, this 
third timer can be used as a prescaler to the other two, or 
as a DMA request source. 

Timer Operation 

The timers are controlled by 11 16-bit registers in the 
internal peripheral control block. The configuration of 
these registers is shown in Table 15. The count register 
contains the current value of the timer. It can be read or 
written at any time independent of whether the timer is 
running or not. The value of this register will be incre- 
mented for each timer event. Each of the timers is equipped 
with a MAX COUNT register, which defines the maximum 
count the timer will reach. After reaching the MAX 
COUNT register value, the timer count value will reset 
to zero during that same clock, i.e., the maximum ccunt 
value is never stored in the count register itself. Timers 
and 1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alterna- their 
count between two different MAX COUNT valias pro- 
grammed by the user. If a single MAX COUNT register is 
used, the timer output pin will switch LOW for a single 
clock, 1 clock after the maximum count value has been 
reached. In the dual MAX COUNT register mode, the 
output pin will indicate which MAX COUNT register is 
currently in use, thus allowing nearly complete freedom 
in selecting waveform duty cycles. For the timers with 
two MAX COUNT registers, the RIU bit in the control 
register determines which is used for the comparison. 

Each timer gets serviced every fourth CPU-clock cycle, 
and thus can operate at speeds up to one-quarter the 
internal clock frequency (one-eighth the crystal rate). 
External clocking of the timers may be done at up to a 
rate of one-quarter of the internal CPU-clock rate (2 
MHz for an 8 MHz CPU clock). Due to internal synchro- 
nization and pipelining of the timer circuitry, a timer 
output may take up to 6 clocks to respond to any indi- 
vidual clock or gate input. Since the count registers and the 
maximum count registers are all 16 bits wide, 16 bits of 
resolution are provided. Any Read or Write access to 
the timers will add one wait state to the minimum four- 
clock bus cycle, however. This is needed to synchronize 
and coordinate the internal data flows between the inter- 
nal timers and the internal bus. 



Fig. 20 -TIMER MODE/CONTROL REGISTER 
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The timers have several programmable options. 

• All three timers can be set to halt or continue on a 
terminal count. 

• Timers and 1 can select between internal and external 
clocks, alternate between MAX COUNT registers and 
be set to retrigger on external events. 

• The timers may be programmed to cause an interrupt 
on terminal count. 

These options are selectable via the timer mode/control 
word. 

Timer Mode/Control Register 

The mode/control register (see Fig. 20) allows the user 
to program the specific mode of operation or check the 
current programmed status for any of the three integrated 
timers. 



clocking for the timer. The external signal may be asyn- 
chronous with respect to the MBL 80186 clock. If this 
bit is set, the timer will count LOW-to-HIGH transitions 
on the input pin. If cleared, it will count an internal clock 
while using the input pin for control. In this mode, the 
function of the external pin is defined by the RTG bit. The 
maximum input to output transition latency time may be 
as much as 6 clocks. However, clock inputs may be pipe- 
lined as closely together as every 4 clocks without losing 
clock pulses. 



The prescaler bit is ignored unless internal clocking has 
been selected (EXT = 0). If the P bit is a zero, the timer 
will count at one-fourth the internal CPU clock rate. If the 
P bit is a one, the output of timer 2 will be used as a clock 
for the timer. Note that the user must initialize and start 
timer 2 to obtain the prescaled clock. 



Table 15 -TIMER CONTROL BLOCK FORMAT 



Register Name 


Register Offset 


Tmr. 


Tmr. 1 


Tmr. 2 


Mode/Control Word 
Max Count B 
Max Count A 
Count Register 


56 H 
54H 
52H 
50 H 


5EH 
5CH 
5AH 
58 H 


66H 

not present 

62H 

60H 



ALT: 

The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, register 
A for that timer is always used, while if ALT = 1, the com- 
parison will alternate between register A and register B 
when each maximum count is reached. This alternation 
allows the user to change one MAX COUNT register while 
the other is being used, and thus provides a method of 
generating non-repetitive waveforms. Square waves and 
pulse outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count registers. 
The ALT bit also determines the function of the timer 
output pin. If ALT is zero, the output pin will go LOW 
for one clock, the clock after the maximum count is 
reached. If ALT is one, the output pin will reflect the cur- 
rent MAX COUNT register being used (0/1 for B/A). 

CONT: 

Setting the CONT bit causes the associated timer to run 
continuously, while resetting it causes the timer to halt 
upon maximum count. If CONT = and ALT = 1, the 
timer will count to the MAX COUNT register A value, 
reset, count to the register B value, reset, and halt. 

EXT: 

The external bit selects between internal and external 



RTG: 

Retrigger bit is only active for internal clocking (EXT = 0). 
In this case it determines the control function provided by 
the input pin. 

If RTG = 0, the input level gates the internal clock on and 
off. If the input pin is HIGH, the timer will count; if the 
input pin is LOW, the timer will hold its value. As indicated 
previously, the input signal may be asynchronous with 
respect to the MBL 80186 clock. 

When RTG = 1, the input pin detects LOW-to-HIGH transi- 
tions. The first such transition starts the timer running, 
clearing the timer value to zero on the first clock, and 
then incrementing thereafter. Further transitions on the 
input pin will again reset the timer to zero, from which it 
will start counting up again. If CONT = 0, when the timer 
has reached maximum count, the EN bit will be cleared, 
inhibiting further timer activity. 

EN: 

The enable bit provides programmer control over the 
timer's RUN/HALT status. When set, the timer is enabled 
to increment subject to the input pin constraints in the 
internal clock mode (discussed previously). When cleared, 
the timer will be inhibited from counting. All input pin 
transitions during the time EN is zero will be ignored. If 
CONT is zero, the EN bit is automatically cleared upon 
maximum count. 

INN: 

The inhibit bit allows for selective updating of the enable 
(EN) bit. If INH is a one during the write to the mode/ 
control word, then the state of the EN bit will be modified 
by the write. If INH is a zero during the write, the EN bit 
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will be unaffected by the operation. This bit is not stored; 
it will always be a on a read. 

INT: 

When set, the INT bit enables interrupts from the timer, 
which will be generated on every terminal count. If the 
timer is configured in dual MAX COUNT register mode, an 
interrupt will be generated each time the value in MAX 
COUNT register A is reached and each time the value in 
MAX COUNT register B is reached. If this enable bit is 
cleared after the interrupt request has been generated, but 
before a pending interrupt is serviced, the interrupt request 
will still be in force. (The request is latched in the Interrupt 
Controller.) 

MC: 

The Maximum Count bit is set whenever the timer reaches 
its final maximum count value. If the timer is configured 
in dual MAX COUNT register mode, this bit will be set each 
time the value in MAX COUNT register A is reached, and 
each time the value in MAX COUNT register B is reached. 
This bit is set regardless of the timer's interrupt-enable 
bit. The MC bit gives the user the ability to monitor timer 
status through software instead of through interrupts. Pro- 
grammer intervention is required to clear this bit. 

RIU: 

The Register in Use bit indicates which MAX COUNT 
register is currently being used for comparison to the timer 
count value. A zero value indicates register A. The RIU bit 
cannot be written, i.e., its value is not affected when the 
control register is written. It is always cleared when the 
ALT bit is zero. 

Not all mode bits are provided for timer 2. Certain bits 
are hardwired as indicated below: 

ALT = 0, EXT = 0, P = 0, RTG = 0, RIU = 

Count Registers 

Each of the three timers has a 16-bit count register. The 
current contents of this register may be read or written by 
the processor at any time. If the register is written into 
while the timer is counting, the new value will take effect in 
the current count cycle. 

Max Count Registers 

Timers and 1 have two MAX COUNT registers, while 
timer 2 has a single MAX COUNT register. These contain 
the number of events the timer will count. In timers and 
1, the MAX COUNT register used can alternate between the 
two max count values whenever the current maximum 
count is reached. The condition which causes a timer to 
reset is equivalent between the current count value and the 



max count being used. This means that if the count is 
changed to be above the max count value, or if the max 
count value is changed to be below the current value, the 
timer will not reset to zero, but rather will count to its 
maximum value, "wrap around" to zero, then count until 
the max count is reached. 

Timers and Reset 

Upon RESET, the Timers will perform the following 
actions: 

• All EN (Enable) bits are reset preventing timer counting. 

• All SEL (Select) bits are reset to zero. This selects MAX 
COUNT register A, resulting in the Timer Out pins going 
HIGH upon RESET. 

INTERRUPT CONTROLLER 

The MBL 80186 can receive interrupts from a number of 
sources, both internal and external. The internal interrupt 
controller serves to merge these requests on a priority basis, 
for individual service by the CPU. 

Internal interrupt sources (Timers and DMA channels) can 
be disabled by their own control registers or by mask bits 
within the interrupt controller. The MBL 80186 interrupt 
controller has its own control registers that set the mode of 
operation for the controller. 

The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is pro- 
vided so interrupt service routines for lower priority inter- 
rupts may themselves be interrupted by higher priority 
interrupts. A block diagram of the interrupt controller is 
shown in Fig. 21. 

The interrupt controller has a special iRMX86 compati- 
bility mode that allows the use of the MBL 80186 within 
the iRMX 86 operating system interrupt structure. The con- 
troller is set in this mode by setting bit 14 in the peripheral 
control block relocation register (see iRMX 86 Compati- 
bility Mode section). In this mode, the internal MBL 80186 
interrupt controller functions as a "slave" controller to an 
external "master" controller. Special initialization software 
must be included to properly set up the MBL 80186 inter- 
rupt controller in iRMX 86 mode. 



MASTER MODE OPERATION 

Interrupt Controller External Interface 

For external interrupt sources, five dedicated pins are pro- 
vided. One of these pins is dedicated to NMI, non-maskable 
interrupt. This is typically used for power-fail interrupts, 
etc. The other four pins may function either as four inter- 
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rupt input lines with internally generated interrupt vectors, 
as an interrupt line and an interrupt acknowledge line 
(called the "cascade nnode") along with two other input 
lines with internally generated interrupt vectors, or as two 
interrupt input lines and two dedicated interrupt acknowl- 
edge output lines. When the interrupt lines are configured 
in cascade mode, the MBL 80186 interrupt controller will 
not generate internal interrupt vectors. 

External sources in the cascade mode use externally gener- 
ated interrupt vectors. When an interrupt is acknowledged, 
two INTA cycles are initiated and the vector is read into 
the MBL 80186 on the second cycle. The capability to 
interface to external MBL8259A programmable interrupt 
controllers is thus provided when the inputs are configured 
in cascade mode. 

interrupt Controller Modes of Operation 

The basic modes of operation of the interrupt controller 
in master mode are similar to the MBL 8259A. The inter- 
rupt controller responds identically to internal interrupts in 
all three modes: the difference is only in the interpretation 
of function of the four external interrupt pins. The inter- 
rupt controller is set into one of these three modes by 
programming the correct bits in the INTO and INT1 control 
registers. The modes of interrupt controller operation are 
as follows: 



• Fully Nested Mode 

When in the fully nested mode four pins are used as direct 
interrupt requests. The vectors for these four inputs are 
generated internally. An in-service bit is provided for every 
interrupt source. If a lower-priority device requests an inter- 
rupt while the in-service bit (IS) is set, no interrupt will be 
generated by the interrupt controller. In addition, if an- 
other interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will be 
generated by the interrupt controller. This allows inter- 
rupt service routines to operate with interrupts enabled 
without being themselves interrupted by lower-priority 
interrupts. Since interrupts are enabled, higher-priority 
interrupts will be serviced. 

When a service routine is completed, the proper IS bit must 
be reset by writing the proper pattern to the EOl register. 
This is required to allow subsequent interrupts from this 
interrupt source and to allow servicing of lower-priority 
interrupts. An EOl command is issued at the end of the 
service routine just before the issuance of the return from 
interrupt instruction. If the fully nested structure has been 
upheld, the next highest-priority source with its IS bit set 
is then serviced. 

• Cascade Mode 

The MBL 80186 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the four pins 
are used as direct interrupt inputs and the corresponding 
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vectors are generated internally. In the cascade mode, the 
four pins are configured into interrupt input-dedicated 
acknowledge signal pairs. The interconnection is shown 
in Fig. 22. INTO is an interrupt input interfaced to a 
MBL8259A, while iNT2/INTA0 serves as the dedicated 
interrupt acknowledge signal to that peripheral. The same 
is true for INT1 and INT3/INTA1. Each pair can selective- 
ly be placed in the cascade or non-cascade mode by pro- 
gramming the proper value into INTO and INT1 control 
registers. The use of the dedicated acknowledge signals 
eliminates the need for the use of external logic to gener- 
ate INTA and device select signals. 

The primary cascade mode allows the capability to serve 
up to 128 external interrupt sources through the use of 
external master and slave MBL8259As. Three levels of 
priority are created, requiring priority resolution in the 
MBL 80186 interrupt controller, the master MBL8259As, 
and the slave l\/IBL8259As. If an external interrupt is 
serviced, one IS bit is set at each of these levels. When the 
interrupt service routine is completed, up to three end-of- 
interrupt commands must be issued by the programmer. 

• Special Fully Nested Mode 

This mode is entered by setting the SFNM bit in INTO or 
INT1 control register. It enables complete nestability with 
external MBL8259A masters. Normally, an interrupt 
request from an interrupt source will not be recognized 
unless the in-service bit for that source is reset. If more than 
one interrupt source is connected to an external interrupt 
controller, all of the interrupts will be funneled through 
the same MBL 80186 interrupt request pin. As a result, 
if the external interrupt controller receives a higher- 
priority interrupt, its interrupt will not be recognized by 
the MBL 80186 controller until the MBL 80186 in-service 
bit is reset. In special fully nested mode, the MBL 80186 
interrupt controller will allow interrupts from an external 
pin regardless of the state of the in-service bit for an inter- 
rupt source in order to allow multiple interrupts from 
a single pin. An in-service bit will continue to be set, 
however, to inhibit interrupts from other lower-priority 
MBL 80186 interrupt sources. 

Special procedures should be followed when resetting 
IS bits at the end of interrupt service routines.- Software 
polling of the external master's IS register is required 
to determine if there is more than one bit set. If so, the 
IS bit in the MBL 80186 remains active and the next 
interrupt service routine is entered. 

Operation in a Polled Environment 

The controller may be used in a polled mode if interrupts 



are undesirable. When polling, the processor disables 
interrupts and then polls the interrupt controller when- 
ever it is convenient. Polling the interrupt controller is ac- 
complished by reading the Poll Word (Fig. 31). Bit 15 in 
the poll word indicates to the processor that an interrupt 
of high enough priority is requesting service. Bits 0-4 
indicate to the processor the type vector of the highest- 
priority source requesting service. Reading the Poll Word 
causes the In-Service bit of the highest-priority source to 
be set. 

It is desirable to be able to read the Poll Word information 
without guaranteeing service of any pending interrupt, 
i.e., not set the indicated in-service bit. The MBL 80186 
provides a Poll Status Word in addition to the conventional 
Poll Word to allow this to be done. Poll Word information 
is duplicated in the Poll Status Word, but reading the Poll 
Status Word does not set the associated in-service bit. These 
words are located in two adjacent memory locations in 
the register file. 

Master Mode Features 

• Programmable Priority 

The user can program the interrupt sources into any of 
eight different priority levels. The programming is done by 
placing a 3-bit priority level (0-7) in the control register of 
each interrupt source. (A source with a priority level of 4 
has higher priority over all priority levels from 5 to 7. 
Priority registers containing values lower than 4 have 
greater priority.) All interrupt sources have preprogrammed 
default priority levels (see Table 4). 

If two requests with the same programmed priority level 
are pending at once, the priority ordering schenrie shown 
in Table 4 is used. If the serviced interrupt routine re- 
enables interrupts, it allows other requests to be serviced. 

• End-of-lnterrupt Command 

The end-of-interrupt (EOl) command is used by the pro- 
grammer to reset the in-Service (IS) bit when an interrupt 
service routine is completed. The EOl command is issued 
by writing the proper pattern to the EOl register. There are 
two types of EOl commands, specific and nonspecific. The 
nonspecific command does not specify which IS bit is reset. 
When issued, the interrupt controller automatically resets 
the IS bit of the highest priority source with an active 
service routine. A specific EOl command requires that the 
programmer send the interrupt vector type to the interrupt 
controller indicating which source's IS bit is to be reset. 
This command is used when the fully nested structure has 
been disturbed or the highest priority IS bit that was set 
does not belong to the service routine in progress. 
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• Trigger Mode 

The four external interrupt pins can be programmed in 
either edge- or level-trigger mode. The control register for 
each external source has a level-trigger mode (LTM) bit. All 
interrupt inputs are active HIGH. In the edge sense mode 
or the level-trigger mode, the interrupt request must remain 
active (HIGH) until the interrupt request is acknowledged 
by the MBL 80186 CPU. In the edge-sense mode, if the 
level remains high after the interrupt is acknowledged, the 
input is disabled and no further requests will be generated. 
The input level must go LOW for at least one clock cycle to 
reenable the input. In the level-trigger mode, no such pro- 
vision is made: holding the interrupt input HIGH will cause 
continuous interrupt requests. 

• Interrupt Vectoring 

The MBL 80186 Interrupt Controller will generate inter- 
rupt vectors for the integrated DMA channels and the 
integrated Timers. In addition, the Interrupt Controller 
will generate interrupt vectors for the external interrupt 
lines if they are not configured in Cascade or Special Fully 
Nested Mode. The interrupt vectors generated are fixed 
and cannot be changed (see Table 4). 

Interrupt Controller Registers 

The Interrupt Controller register model is shown in Fig. 23. 
It contains 15 registers. All registers can both be read or 
written unless specified otherwise. 

• In-Service Register 

This register can be read from or written into. The format 
is shown in Fig. 24. It contains the In-Service bit for each 
of the interrupt sources. The In-Service bit is set to indicate 
that a source's service routine is in progress. When an In- 
Service bit is set, the interrupt controller will not generate 
interrupts to the CPU when it receives interrupt requests 
from devices with a lower programmed priority level. The 
TMR bit is the In-Service bit for all three timers; the DO 



and D1 bits are the In-Service bits for the two DMA chan- 
nels; the 10-13 are the In-Service bits for the external 
interrupt pins. The IS bit is set when the processor ac- 
knowledges an interrupt request either by an interrupt ac- 
knowledge or by reading the poll register. The IS bit is 
reset at the end of the interrupt service routine by an 
end-of-interrupt command issued by the CPU. 

• Interrupt Request Register 

The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Fig. 24. A read from this register yields 
the status of these bits. The TMR bit is the logical OR of 
all timer interrupt requests. DO and D1 are the interrupt 
request bits for the DMA channels. 

The state of the external interrupt input pins is also indi- 
cated. The state of the external interrupt pins is not a 
stored condition inside the interrupt controller, therefore 
the external interrupt bits cannot be written. The external 
interrupt request bits show exactly when an interrupt 
request is given to the interrupt controller, so if edge- 
triggered mode is selected, the bit in the register will be 
HIGH only after an inactive-to-active transition. For 
internal interrupt sources, the register bits are set when 
a request arrives and are reset when the processor acknowl- 
edges the requests. 

• Mask Register 

This is a 16-bit register that contains a mask bit for each 
interrupt source. The format for this register is shown in 
Fig. 24. A one in a bit position corresponding to a par- 
ticular sources serves to mask the source from generating 
interrupts. These mask bits are the exact same bits which 
are used in the individual control registers; programming a 
mask bit using the mask register will also change this bit 
in the individual control registers, and vice versa, 
shown in Fig. 25. The code in the lower three bits of this 



Fig. 22 - CASCADE MODE INTERRUPT CONNECTION 
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Fig. 23 - INTERRUPT CONTROLLER F 
(NON-iRMX86MODE) 
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• Priority Mask Register 

This register is used to mask all interrupts below particular 
interrupt priority levels. The format of this register is 



register inhibits interrupts of priority lower (a higher 
priority number) than the code specified. For example, 100 
written into this register masks interrupts of level five 
(101), six (110), and seven (111). The register is reset to 
seven (111) upon RESET so all interrupts are unmasked. 

• Interrupt Status Register 

This register contains general interrupt controller status 
information. The format of this register is shown in Fig. 26. 
The bits in the status register have the following functions: 

DHLT: DMA Halt Transfer; setting this bit halts all 

DMA transfers. It is automatically set when- 
ever a non-maskable interrupt occurs, and it is 
reset when an I RET instruction is executed. 
The purpose of this bit is to allow prompt 
service of all non-maskable interrupts. This 
bit may also be set by the CPU. 

IRTx: These three bits represent the individual timer 

interrupt request bits. These bits are used to 
differentiate the timer interrupts, since the 
timer IR bit in the interrupt request register 
is the "OR" function of all timer interrupt 
requests. Note that setting any one of these 
three bits initiates an interrupt request to the 
interrupt controller. 





Fig. 24 -IN-SERVICE, INTERRUPT REQUEST, AND MASK REGISTER FORMATS 
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Fig. 25 -PRIORITY MASK REGISTER FORMAT 
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Fig. 26 -INTERRUPT STATUS REGISTER FORMAT 
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• Timer, DMA 0, 1 Control Registers 

These registers are the control words for all the internal 
interrupt sources. The format for these registers is shown 
in Fig. 27. The three bit positions PRO, PR1, and PR2 
represent the programmable priority level of the inter- 
rupt source. The MSK bit inhibits interrupt requests from 
the interrupt source. The MSK bits in the individual control 
registers are the exact same bits as are in the Mask Register; 
modifying them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 

• INT0-INT3 Control Registers 

These registers are the control words for the four external 
input pins. Fig. 28 shows the format of the INTO and INT1 
Control registers; Fig. 29 shows the format of the INT2 and 
INT3 Control registers. In cascade mode or special fully 
nested mode, the control words for INT2 and I NTS are not 
used. 

The bits in the various control registers are encoded as 
follows: 

PRO-2: Priority programming information. Highest 
Priority = 000, Lowest Priority =111 

LTM: Level-trigger mode bit, 1 = level-triggered; 

= edge-triggered. Interrupt input levels are 
active high. In level-triggered mode, an inter- 
rupt is generated whenever the external line 



MSK: 



SFNM: 



is high. In edge-triggered mode, an interrupt 
will be generated only when this level is pre- 
ceded by an inactive-to-active transition on 
the line. In both cases, the level must remain 
active until the interrupt is acknowledged. 

Mask bit, 1 = mask; = nonmask. 

Cascade mode bit, 1 = cascade; = direct 

Special fully nested mode bit, 1 = SFNM 



• EOl Register 

The end of the interrupt register is a command register 
which can only be written into. The format of this register 
is shown in Fig. 30. It initiates an EOl command when 
written to by the MBL 80186 CPU. 

The bits in the EOl register are encoded as follows: 

Sx: Encoded information that specifies an inter- 

rupt source vector type as shown in Table 4. 
For example, to reset the In-Service bit for 
DMA channel 0, these bits should be set to 
01010, since the vector type for DMA channel 
is 10. Note that to reset the single In-Service 
bit for any of the three timers, the vector type 
for timer (8) should be written in this regis- 
ter. 
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Fig.28-INT0/INT1 CONTROL REGISTER FORMATS 
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Fig. 29 - INT2/INT3 CONTROL REGISTER FORMATS 
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NSPEC/ : A bit that determineds the type of EOl com- 
SPEC mand. Nonspecific = 1, Specific = 0. 

• Poll and Poll Status Registers 

These registers contain polling information. The format of 
these registers is shown in Fig. 31. They can only be read. 
Reading the Poll register constitutes a software poll. This 
will set the IS bit of the highest priority pending interrupt. 
Reading the poll status register will not set the IS bit of 
the highest priority pending interrupt; only the status of 
pending interrupts will be provided. 

Encoding of the Poll and Poll Status register bits are as 
follows: 

Sx. Encoded information that indicates the vector 

type of the highest priority interrupting source. 
Valid only when INTREQ = 1. 

INTREQ: This bit determines if an interrupt request is 
present. Interrupt Request = 1; no Interrupt 
Request = 0. 

iRMX 86 COMPATIBILITY MODE 

This mode allows iRMX 86-80186 compatibility. The inter- 
rupt model of iRMX 86 requires one master and multiple 
slave MBL 8259As in cascaded fashion. When iRMX mode 
is used, the internal MBL 80186 interrupt controller will be 
used as a slave controller to an external master interrupt 
controller. The internal MBL 80186 resources will be 
monitored through the internal interrupt controller, while 
the external controller functions as the system master inter- 
rupt controller. 

Upon reset, the MBL 80186 interrupt controller will be 
in the non-iRMX 86 mode of operation. To set the con- 



troller in the iRMX 86 mode, bit 14 of the Relocation 
Register should be set. 

Because of pin limitations caused by the need to inter- 
face to an external MBL 8259A master, the internal inter- 
rupt controller will no longer accept external inputs. There 
are however, enough MBL 80186 interrupt controller 
inptus (internally) to dedicate one to each timer. In this 
mode, each timer interrupt source has its own mask bit, IS 
bit, and control word. 

The iRMX 86 operating system requires peripherals to be 
assigned fixed priority levels. This is incompatible with the 
normal operation of the MBL 80186 interrupt controller. 
Therefore, the initialization software must program the 
proper priority levels for each source. The required priority 
levels for the internal interrupt sources in iRMX mode are 
shown in Table 16. 

Table 16 -INTERNAL SOURCE PRIORITY LEVEL 



Priority Level 


Interrupt Source 





Timer 


1 


(reserved) 


2 


DMAO 


3 


DMA 1 


4 


Timer 1 


' 


Timer 2 



These level assignments must remain fixed in the iRMX 86 
mode of operation. 

iRMX 86 Mode External Interface 

The configuration of the MBL 80186 with respect to an 
external MBL 8259A master is shown in Fig. 32. The INTO 
input is used as the MBL 80186 CPU interrupt input. INT3 
functions as an output to send the MBL 80186 slave- 
interrupt-request to one of the 8 master-PIC-inputs. 
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Fig. 30 -EOl REGISTER FORMAT 
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Fig. 32 - iRMX 86 INTERRUPT CONTROLLER INTERCONNECTION 
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Correct master-slave interface requires decoding of the 
slave addresses (CASD-2). Slave MBL 8259As do this inter- 
nally. Because of pin limitations, the iVIBL 80186 slave 
address will have to be decoded externally. INT1 is used 
as a slave-select input. Note that the slave vector address 
is transferred internally, but the READY input must be 
supplied externally. 

INT2 is used as an acknowledge output, suitable to drive 
the INTA input of an MBL 8259A. 

Interrupt Nesting 

iRMX 86 mode operation allows nesting of interrupt 
requests. When an interrupt is acknowledged, the priority 
logic masks off all priority levels except those with equal 
or higher priority. 

Vector Generation in the iRMX 86 Mode 

Vector generation in iRMX mode is exactly like that of a 
MBL 8259A slave. The interrupt controller generates an 
8-bit vector which the CPU multiplies by four and uses as 
an address into a vector table. The significant five bits of 
the vector are user-programmable while the lower three 
bits are generated by the priority logic. These bits represent 
the encoding of the priority level requesting service. The 
significant five bits of the vector are programmed by 
writing to the interrupt Vector register at offset 20H. 



Specific End-of-lnterrupt 

In iRMX mode the specific EG! command operates to re- 
set an in-sei-vice bit of a specific priority. The user supplies 
a 3-bit priority-level value that points to an in-service bit 
to be reset. The command is executed by writing the correct 
value in the Specific EOl register at offset 22H. 

Interruput Controller Registers in the iRMX 86 Mode 

All control and command registers are located inside the 
internal peripheral control block. Fig. 33 shows the offsets 
of these registers. 

• End-of-lnterrupt Register 

The end-of-interrupt register is a command register which 
can only be written. The format of this register is shown in 
Fig. 34. It initiates an EOl command when written by the 
MBL 80186 CPU. 

The bits in the EOl register are encoded as follows: 

Lx; Encoded value indicating the priority of the IS 

bit to be reset. 

• In-Service Register 

This register can be read from or written into. It contains 
the in-service bit for each of the internal interrupt sources. 
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The format for this register is shown in Fig. 35. Bit posi- 
tions 2 and 3 correspond to the DMA channels; positions 
0, 4, and 5 correspond to the integral timers. The source's 
IS bit is set when the processor acknowledges its interrupt 
request. 

• Interrupt Request Register 

This register indicates which internal peripherals have inter- 
rupt requests pending. The format of this register is shown 
in Fig. 35. The interrupt request bits are set when a request 
arrives from an internal source, and are reset when the 
processor acknowledges the request. 

• Mask Register 

This register contains a mask bit for each interrupt source. 
The format for this register is shown in Fig. 35. If the bit in 
this register corresponding to a particular interrupt source is 
set, any interrupts from that source will be masked. These 
mask bits are exactly the same bits which are used in the 
individual control registers, i.e., changing the state of a 
mask bit in this register will also change the state of the 
mask bit in the individual interrupt control register corre- 
sponding to the bit. 

• Control Registers 

These registers are the control words for all the internal 
interrupt sources. The format of these registers is shown in 
Fig. 36. Each of the timers and both of the DMA channels 
have their own Control Register. 

The bits of the Control Registers are encoded as follows: 

PRx: 3-bit encoded field indicating a priority level 

for the source; note that each source must be 
programmed at specified levels. 



MSK: 



Mask bit for the priority level indicated by PRx 
bits. 



Fig. 33 -INTERRUPT CONTROLLER REGISTERS 
(iRMXMODE) 
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• Interrupt Vector Register 

This register provides the upper five bits of the interrupt 
vector address. The format of this register is shown in Fig. 
37. The interrupt controller itself provides the lower three 
bits of the interrupt vector as determined by the priority 
level of the interrupt request. 
The format of the bits in this register is: 
tx: 5-bit field indicating the upper five bits of the 

vector address. 





Fig. 34 -SPECIFIC EOl REGISTER FORMAT 
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Fig. 35 - IN-SERVICE, INTERRUPT REQUEST, AND MASK REGISTER FORMATS 
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• Priority-Level Mask Register 

This register indicates the lowest priority-level interrupt 

which will be serviced. 

The encoding of the bits in this register is: 

mx: 3-bit encoded field indication priority-level 

value. All levels of lower priority will be mask- 
ed. 

• Interrupt Status Register 

This register is defined exactly as in Non-iRMX Mode. (See 
Fig. 26.) 



Interrupt Controller and Reset 

Upon RESET, the interrupt controller will perfornn the 
following actions: 

• All SFNM bits reset to 0, implying Fully Nested Mode. 

• All PR bits in the various control registers set to 1. This 
places all sources at lowest priority (level 111). 

• All LTM bits reset to 0, resulting in edge-sense mode. 

• All Interrupt Service bits reset to 0. 

• All Interrupt Request bits reset to 0. 

• All MSK (Interrupt Mask) bits set to 1 (mask). 

• All C (Cascade) bits reset to (non-cascade). 

• All PRM (Priority Mask) bits set to 1, implying no levels 
masked. 

• Initialized to non-iRMX 86 mode. 





Fig. 36 - CONTROL WORD FORMAT 
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Fig. 37 -INTERRUPT VECTOR REGISTER FORMAT 
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Fig. 38 -PRIORITY LEVEL MASK REGISTER FORMAT 
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Fig. 39 - TYPICAL MBL 80186 COMPUTER 
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Fig. 40 - TYPICAL MBL 80186 MULTI-MASTER BUS INTERFACE 
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ABSOLUTE MAXIMUM RATINGS* *NOTE: 

Ambient Temperature under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin with 

Respect to Ground -1.0V to +7V 

Power Dissipation 3 Watt 

D.C. CHARACTERISTICS (Vcc = 5V ±10%, Ta = 0°to 70°C) 
Applicable to MBL 80186 (8 MHz) and MBL 80186-6 (6 MHz) 



Permanent device damage may occur if ABSO- 
LUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the 
conditions as detailed in the operational sections 
of this data sheet. Exposure to absolute maxi- 
mum rating conditions for extended periods may 
affect device reliability. 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V|L 


Input Low Voltage 


0.5 


4-0.8 


^ 




V,H 


Input High Voltage 

(All except XI and (RES)) 


2.0 


Vcc+0.5 


V 




V|H1 


Input High Voltage (RES) 


3.0 


Vcc+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql =2.5 mAfor S0-S2 

Iql = 2.0 mA for all other outputs 


Vqh 


Output High Voltage 


2.4 




V 


Iqh = -400 )uA 


Ice 


Power Supply Current 




550 
450 


nnA 


Ta = 0°C 

Max measured at — -...o-, 

1^-/0 U 


Ili 


Input Leakage Current 




±10 


mA 


OV<V|N<Vcc 


Ilo 


Output Leakage Current 




±10 


mA 


0.45V < VouT < Vcc 


VCLI 


Clock Input Low Voltage 


-0.5 


0.6 


V 




VCHI 


Clock Input High Voltage 


3.9 


Vcc+1-0 


V 




VCLO 


Clock Output Low Voltage 




0.6 


V 


• ol = 4.0 mA 


VCHO 


Clock Output High Voltage 


4.0 




V 


Iqh =-200mA 


C|N 


Input Capacitance 




10 


pF 




C,o 


I/O Capacitance 




20 


PF 





AC. CHARACTERISTICS < Vcc = 5V ± 10%, T^ = 0° to 70°C) 

MBL 80186 Timing Requirements All timings Measured At 1.5 Volts Unless Otherwise Noted. 
Applicable to MBL 80186 (8 MHz) and MBL 80186-6 (6 MHz) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TDVCL 


Data in Setup Time (A/D) 


20 




ns 




TCLDX 


Detain Hold Time (A/D) 


10 




ns 




TARYHCH 


Asynchronous Ready 
(AREADY) Active Setup Time 


20 




ns 




TARYLCL 


AREADY Inactive Setup Time 


35 




ns 




TCHARYX 


AREADY Hold Time 


15 




ns 




TARYCHL 


Asynchronous Ready Inactive 
Hold Time 


15 




ns 




TSRYCL 


Synchronous Ready 

(SREADY) Transition Setup Time 


20 




ns 




TCLSRY 


SREADY Transition Hold Time 


15 




ns 




THVCL 


HOLD Setup Time* 


25 




ns 




TINVCH 


INTR, NMI,TEST, TIMERIN, 
Setup Time* 


25 




ns 




TINVCL 


DRQO, DRQ1 , Setup Time* 


25 




ns 





* To guarantee recognition at next clock. 
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A.C. CHARACTERISTICS (Continued) 
MBL 80186 Master Interface Timing Responses 



Symbol 


Parameter 


MBL 80186 (8 MHz) 


MBL 80186-6 (6 MHz) 


Units 


Test Conditions 


MIn. 


Max. 


Min. 


Max. 


TCLAV 


Address Valid Delay 


5 


55 


5 


63 


ns 


Cl=20-200pF 
all outputs 


TCLAX 


Address Hold Time 


10 




10 




ns 




TCLAZ 


Address Float Delay 


TCLAX 


35 


TCLAX 


44 


ns 




TCHCZ 


Command Lines Float Delay 




45 




56 


ns 




TCHCV 


Command Lines Valid Delay 
(after Float) 




55 




76 


ns 




TLHLL 


ALE Width 


TCLCL-35 




TCLCL-35 




ns 




TCHLH 


ALE Active Delay 




35 




44 


ns 




TCHLL 


ALE Inactive Delay 




35 




44 


ns 




TLLAX 


Address Hold Time to ALE 
Inactive 


TCHCL-25 




TCHCL-30 




ns 




TCLDV 


Data Valid Delay 


10 


44 


10 


55 


ns 




TCLDOX 


Data Hold Time 


10 




10 




ns 




TWHDX 


Data Hold Time after WR 


TCLCL-40 




TCLCL-50 




ns 




TCVCTV 


Control Active Delay 1 


10 


70 


10 


87 


ns 




TCHCTV 


Control Active Delay 2 


10 


55 


10 


76 


ns 




TCVCTX 


Control Inactive Delay 


5 


55 


5 


76 


ns 




TCVDEX 


DEN Inactive Delay 
(Non-Write Cycle) 


10 


70 


10 


87 


ns 




TAZRL 


Address Float to RD Active 












ns 




TCLRL 


RD Active Delay 


10 


70 


10 


87 


ns 




TCLRH 


RD Inactive Delay 


10 


55 


10 


76 


ns 




TRHAV 


RD Inactive to Address Active 


TCLCL-40 




TCLCL-50 




ns 




TCLHAV 


HLDA Valid Delay 


5 


50 


5 


67 


ns 




TRLRH 


RD Width 


2TCLCL-50 




2TCLCL-50 




ns 




TWLWH 


WR Width 


2TCLCL-40 




2TCLCL-40 




ns 




TAVAL 


Address Valid to ALE Low 


TCLCH-25 




TCLCH-45 




ns 




TCKSV 


Status Active Delay 


10 


55 


10 


76 


ns 




TCLSH 


Status Inactive Delay 


10 


65 


10 


76 


ns 




TCLTMV 


Timer Output Delay 




60 




75 


ns 


100 pF max 


TCLRO 


Reset Delay 




60 




75 


ns 




TCHQSV 


Queue Status Dealy 




35 




44 


ns 




TCHDX 


Status Hold Time 


10 




10 




ns 




TAVCH 


Address Valid to Clock High 


10 




10 




ns 





MBL 80186 Chip-Select Timing Responses 



Symbol 


Parameter 


MBL 80186 (8 MHz) 


MBL 80186-6 (6 MHz) 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


TCLCSV 


Chip-Select Active Delay 




66 




80 


ns 




TCXCSX 


Chip-Select Hold Time from 
Command Inactive 


35 




35 




ns 




TCHCSX 


Chip-Select Inactive Delay 


5 


35 


5 


47 


ns 
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A.C. CHARACTERISTICS (Continued) 



MBL 80186 CLKIN Timing Requirements 



Symbol 


Parameter 


MBL 80186 (8 MHz) 


MBL 80186-6 (6 MHz) 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


TCKIN 


CLKIN Period 


62.5 


250 


83 


250 


ns 




TCKHL 


CLKIN Fall Time 




10 




10 


ns 


3.5 V to 1.0 V 


TCKLH 


CLKIN Rise Time 




10 




10 


ns 


1.0 V to 3.5 V 


TCLCK 


CLKIN Low Time 


25 




33 




ns 


1.5 V 


TCHCK 


CLKIN High Time 


25 




33 




ns 


1.5 V 



MBL 80186 CLKOUT Timing Responses 


(200 pF load) 










Symbol 


Parameter 


MBL 80186 (8 MHz) 


MBL 80186-6 (6 MHz) 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


TCICO 


CLKIN to CLKOUT Skew 




50 




62.5 


ns 




TCLCL 


CLKOUT Period 


125 


500 


167 


500 


ns 




TCLCH 


CLKOUT Low Time 


y2TCLCL-7.5 




y2TCLCL-7.5 




ns 


1.5 V 


TCHCL 


CLKOUT High Time 


y2TCLCL-7.5 




y2TCLCL-7.5 




ns 


1.5 V 


TCH1CH2 


CLKOUT Rise Time 




15 




15 


ns 


1.0 V to 3.5 V 


TCL2CL1 


CLKOUT Fall Time 




15 




15 


ns 


3.5 V to 1.0 V 
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WAVEFORMS 



MAJOR CYCLE TIMING 



'i^c?^-jn^ 



BHE/S7, 
A19/S6-A16/S3 



f AD15-AD0 



WRITE CYCLE 



RD, FNTA, 
DT/R = VoH 



inta cycle 



SOFTWARE HALT- DT/R = Vql, 
RD, WR, INTA,"DEN = Vqh 

PCSI 
MCS 

LCS1 
UCS 



/ 



T1 T2 

TCH1CH2 



^^ 



)( 



:hich2 / 

-^ U-^ -.-TCL2CL1 / 



BHE/A19-A16 



)( 



2i 



A15-A0 



^ 



i 



"^°TE 31^^^;^ 



7^. 



TCLDV 
TCLAX 



)C 



\ 



■^l 



TCVCTV 
NOTE 2 



TCVCTX 
TDVCL 




TCHCZ 
NOTE 1 



/ 



/ 



/ 



)C 




FLOAT 

TCHCTV 



C 



X 



INVALID ADDRESS 



=^^ 



y^ 
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MAJOR CYCLE TIMING (Continued) 



"3^^^n^_ri^^n^^^~\ 



S2-S0- 



BHE/S7, A19/S6-A16/S3 



ALE 
TCHLH 



READ CYCLE 



WR, INTA 



AD15-AD0 



DT/R 



TCHSV 
TCLAV 



Sk 



5^ 



\ 



DEN 

PCS, 
MCS . 
LCS, 
UCS 



T1 
-TCLCL- 



T2 TCH1CH2 



BHE A19-A16 



^^ 



X 



TLLAX 



-^TCL2CL1 / 



TCLSH 



X 



-TAZRL- 



T3 Tw 



(NOTES) 



-iW 



S7-S3 



TCHCTV TCLRL 



'( DATA IN 

FLOAT / \ 



\^ 



TCLCH 



>c: 



^\ 



TCHDX 



}C 



/ 



r 



-TRHAV- 



/ 



TCHCSX 



.TCXCSX_ 



^ 



NOTES: 

1 . Following a Write cycle, the Local Bus is floated by the MBL 80186 only when the MBL 80186 enters a "Hold Acknowledge" state. 

2. INTA occurs one clock later in iRMX-mode 

3. Status inactive just prior to T4. 
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WAVEFORMS (Continued) 



CLKOUT 



^ 



CLKOUT 



NMI, 

TEST, 

INTO-3 

TIMERIN 



CLKOUT 



TCLAV 



V 



X 



•A_^~l 



^r~\^' 



TCLAV 



^^jr^v-^^L. 



DRQO, 
DRQl' 



TINVCL- 



)( 



TCHQSV 



I 
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WAVEFORMS (Continued) 



HOLD-HLDA TIMING 



T3 



CLKOUT 



ARDY 



'VrV^A^.T^^. 



/ 



-TCHARYX 



^h 



-^TARYCHL 



; 




CLKOUT 



/ 



SRDY 



/ 



/ 



- TCLSRY 





MBL 80186 



A19/S6-A16/S3, 



RD,WR, MBL 80186 
BHE, 
DT/R^ 
S2-S0 



Jr^^^ 



-TCLAZ 



k::; 

HCZ 

c:. 



I I ^ 



IES3 



TCHCV- 

i 



r 



TCLAV 



MBL 80186 
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WAVEFORMS (Continued) 



TIMER ON MBL 80186 



CLKIN / V / 



CLKOUT TCICO- 



-TCLCK-*- 



-^TCHCK-^ 



TCH1CH2- 



-TCLCL- 



-TCH2CH1 



T!IVIERI^ 



TIMEROUT 



-1 
/ 


r^V_^ 


— 




— TINVCH 


N i 

JT 


/ 





^^^_A^ 



TCLTMV 



2-6 CLOCKS- 



MBL 80186 INSTRUCTION TIMINGS 



• No wait states or bus HOLDS occur. 

• All word-data is located on even-address boundaries. 



The following instruction timings represent the minimum 
execution time in clock cycles for each instruction. The 
timings given are based on the following assumptions: 

• The opcode, along with any data or displacement 
required for execution of a particular instruction, has 
been prefetched and resides in the queue at the time it 
is needed. 



All jumps and calls include the time required to fetch the 
opcode of the next instruction at the destination address. 

All instructions which involve memory reference can 
require one (and in some cases, two) additional clocks 
above the minimum timings shown. This is due to the 
asynchronous nature of the handshake between the BID 
and the Execution unit. 
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INSTRUCTION SET SUMMARY 



FUNCTION 



FORMAT 



Clock 
Cycles 



Comments 



DATA TRANSFER 
MOV = Move: 

Register to register/memory 
Register/memory to register 
immediate to register/memory 
Immediate to register 
IVlemory to accumulator 
Accumulator to memory 
Register/memory to segment register 
Segment register to register/memory 

PUSH =Push: 

IVIemory 
Register 
Segment register 



1 000 1 OOw 



1 000 1 01 w 



I 1 1 000 1 1 w 



I 1 1 1 w reg 



1 1 OOOOw 



1 1 000 1 w 



10001110 



I 10 1 iTo 



111111 iTT 



[ 1 1 reg 



; reg 1 10 



Immediate 



[Pilot tfTo 



mod reg r/m | 



mod reg r/m | 



mod 000 r/m | data | data if w = 1 | 



addr-low | addr-high ] 



addr-low | addr-high ] 



mod reg r/m 



mod reg r/m | 



mod 110 r/m | 



{data if s *0 ] 



2/12 

2/9 

12-13 

3-4 

9 

8 

2/9 
2/11 

16 
10 
9 



8/16-bit 
8/16-bit 



jLo: 



PUSH A « Push AM 



ot 1 oaooo; 



36 



POP = Pop: 

IVIemory 
Register 
Segment register 



10001111 



mod 000 r/m 



10 11 reg 



reg 1 1 1 



(reg i- 01 ) 



20 
10 
8 



POPA » PQp AJT 



} 01 IQQOOT 



XCHG = Exchange: 

Register/memory with register 
Register with accumulator 

IN = Input from: 

Fixed port 
Variable port 

OUT = Output to: 

Fixed port 
Variable port 

XLAT = Translate byte to AL 
LEA = Load EA to register 
LDS = Load pointer to DS 
LES = Load pointer to ES 
LAHF = Load AH with flags 
SAHF = Store AH into flags 
PUSHF = Push flags 
POPF = Pop flags 

SEGMENT = Segment Override: 

CS 

SS 

DS 

ES 



10000 1 1 w 



I 10 10 reg 



mod reg r/m | 



1 1 1 00 1 Ow 



port I 



1 1 1 1 1 Ow 



I 1110011V 



1 1 1 1 1 1 w 



I 11010111 



10001101 



I 110 101 



I 1 1 000 1~00" 



mod reg r/m [ 

mod reg r/m | (mod ^11) 



mod reg r/m | (mod it 1 1 ) 



10011111 



10011110 



1 00 11100 



I 10011101 



100101110 



100110110 
100111110 



100 1 ooTTo" 



4/17 
3 



10 
8 



11 
6 
18 
18 
2 
3 
9 
8 

2 
2 
2 
2 



Shaded areas indicate instructions not available in MBL 8086, 88 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 


FORMAT 






Clock 
Cycles 


Comments 


ARTHMETIC 
ADD = Add: 

Reg/memory with register to either 
Ihimediate to register/memory 
Immediate to accumulator 

ADC = Add with carry: 

Reg/memory with register to either 
Immediate to register/memory 
Immediate to accumulator 

INC = Increment: 

Register/memory 
Register 

SUB = Subtract: 

Reg/memory and register to either 
Immediate from register/memory 
Immediate from accumulator 

SBB = Subtract with borrow: 

Reg/memory and register to either 
Immediate from register/memory 
Immediate from accumulator 

DEC = Decrement: 

Register/memory 
Register 

CMP = Compare: 

Register/memory with register 
Register with register/memory 
Immediate with register/memory 
Immediate with accumulator 
NEG = Change sign 
AAA = ASCII adjust for add 
DAA = Decimal adjust for add 
AaS = ASCII adjust for subtract 
DAS = Decimal adjust for subtract 

MUL = Multiply (unsigned): 

Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 

IMUL = Integer multiply (signed): 

Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 








3/10 
4/16 
3/4 

3/10 
4/16 
3/4 

3/15 
3 

3/10 
4/16 
3/4 

3/10 
4/16 
3/4 

3/15 
3 

3/10 
3/10 
3/10 
3/4 

3 

8 

4 

7 

4 

26-28 
35-37 
32-34 
41-43 

25-28 
34-37 
31-34 
40-43 


8/16-bit 
8/16-bit 

8/16-bit 
8/16-bit 

8/16-bit 


OOOOOOd w 


mod reg r/m 


1 00 s w 


mode 000 r/m 


data data if s w = 01 | 


000001 Ow 


data 


data if w = 1 


000 1 OOd w 


mod reg r/m 


1 00000 s w 


mod 010 r/m 


data data if s w = 01 I 


000 1 1 Ow 


data 


data if w = 1 








1 1 1 1 1 1 1 w 


mod 000 r/m 


10 reg 






00101 Odw 


mod reg r/m 


1 s w 


mod 101 r/m 


data data if s w = 01 | 


001 01 1 Ow 


data 


data if w = 1 








000 1 1 Odw 


mod reg r/m 


1 00000 s w 


mod 01 1 r/m 


data 1 data if s w = 01 I 


000 1 1 1 Ow 


data 


data if w = 1 1 








1 1 1 1 1 1 1 w 


mod 001 r/m 


10 1 reg 






00 1 1 1 1 w 


mod reg r/m 


00 1 1 1 OOw 


mod reg r/m 


1 00000 s w 


mod 111 r/m 


data data if s w = 01 | 


lO 1 1 1 1 w 


data 


data if w - 1 


1 1 1 1 01 1 w 


mod 01 1 r/m 




00110111 




00100111 


00111111 


00101111 




1 1 1 1 01 1 w 


mod 100 r/m 






1 1 1 1 11 w 


mod 101 r/m 






IMUL = Integer Immediate multiply 
(signed) 

DIV = Divide (unsigned): 

Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 








22-25/ 
29-32 




01 1 01 Os 1 


mod reg r/m 


data 1 data if s«0 ! 






29 
38 
35 
44 




1 1 1 1 01 1 w 


mod 110 r/m 







Shaded areas indicate instructions not available in MBL 8086, 88 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 


FORMAT 




Clock 
Cycles 


Comments 


ARITHMETIC (Continued) 

IDIV = Integer divide (signed): 

Register-Byte 

Register-Word 

Mennory-Byte 

Memory-Word 

AAM = ASCII adjust for multiply 

AAD = ASCII adjust for divide 

CBW = Convert byte to word 

CWD = Convert word to double word 

LOGIC 

Shift/Rotate instructions: 

Register/memory by 1 
Register/memory by CL 






44-52 
53-61 
50-58 
59-67 

19 

15 

2 

4 

2/15 
5+n/17+n 




|1 1 1 1 1 1 w 


1 mod 1 1 1 r/m | 






11010100 
11010101 


LOOOOl 1 1 
1 00001 1 1 


10011 000 
10011001 


|1 1 01 OOOw 
H 1 01 001 w 


1 mod TTT r/m 
Lmod TTT r/m 


Register/memory by count 


|1 1 OOOOOw 


1 modTn r/m | count | 


5+n/17+n 




AND = And: 

Reg/memory and register to either 
Immediate to register/memory 
Immediate to accumulator 

TEST = And function to flags, no resul 

Register/memory and register 
Immediate data and register/memory 
Immediate data and accumulator 

OR = Or: 

Reg/memory and register to either 
Immediate to register/memory 
Immediate to accumulator 

XOR = Exclusive or: 

Reg/memory and register to either 
Immediate to register/rriemory 
Immediate to accumulator 
NOT = Invert register/memory 

STRING MANIPULATION 
MOVS - Move byte/word 
CMPS = Compare byte/word 
SCAS = Scan byte/word 
LODS = Load byte/wd to AL/AX 
STOS = Stor byte/wd from AL/A 




TTT Instruction 

00 ROL 
00 1 ROR 
1 RCL 

1 1 RCR 

1 SHL/SAL 
101 SHR 

1 1 1 SAR 


3/10 
4/16 
3/4 

3/10 
4/10 
3/4 

3/10 
4/16 
3/4 

3/10 

4/16 

3/4 

3 

14 
22 
15 
12 
10 


8/16-bit 
8/16-bit 
8/16-bit 
8/16-bit 


|00 1 OOOd w 


mod reg r/m 


|1 OOOOOOw 


mod 100 r/m data | data if w = 1 | 


loo 1 001 Ow 


data 1 data if w = 1 | 


t: 




|1 0000 1 Ow 


mod reg r/m 


|1 1 1 1 01 1 w 


mod OOO r/m data data if w = 1 ] 


|1 01 01 OOw 


data data if w = 1 






00 1 Odw 


mod reg r/m j 


1 w 


mod 001 r/m | data | data if w = 1 | 


00001 1 Ow 


data 1 data if w = 1 | 






|00 1 1 OOd w 


mod reg r/m 


|1 OOOOOOw 


mod 110 r/m data | data if w = 1 | 


|00 1 1 1 Ow 


data data if w = 1 | 


|1 1 1 1 1 1 w 


mod 010 r/m 






|1 01 001 Ow 


|1 1 00 1 1 w 


|1 1 1 1 1 w 


|1 1 01 1 Ow 


h 1 1 1 w 


INS = Input byte/wd from DX port 


|0 1 1 1 1 w 


1 


14 
14 




OUTS = Output byte/wd to DX port 


(0 1 I'O 1 1 1 w 



ai 



Shaded areas indicate instructions not available in MBL 8086, 88 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 


FORMAT 




Clock 
Cycles 


Comments 


STRING MANIPULATION (Contlnuec 

Repeated by count in CX 
MOVS = Move string 
CMPS = Compare string 
SCAS = Scan string 
LODS = Load string 
STOS = Store string 


): 




8 + 8n 

5 + 22n 
5 + 15n 
6+ 11n 

6 + 9n 




11110010 


1 1 00 1 Ow 1 


1 1 1 1 00 1 z 


1 1 00 1 1 w 1 


11110012 


1 1 1 1 1 w 1 


11110 10 


10 10 1 1 Ow 1 


11110010 


1 1 01 1 w 1 


INS = Input string 
OUTS = Output string 


11110010 


1 1 1 1 Ow 1 


8 + 8n 
8 + 8n 

15 

13/19 

23 

38 

14 

14 

11/17 

14 

26 

16 
18 
22 
25 




11110010 


1 1 1 1 1 w 1 


CONTROL TRANSFER 

CALL = Call: 

Direct within segment 

Register/memory indirect 
within segment 

Direct intersegment 

Indirect intersegment 

JMP = Unconditional jump: 

Short/long 

Direct within Segment 
Register/memory indirect 
within segment 

Direct intersegment 

Indirect intersegment 

RET = Return from CALL: 

Within segment 

Within seg adding immed to SP 

Intersegment 

Intersegment adding immediate to SP 






1110 1000 


disp-low 1 disp-high | 






11111111 


mod 010 r/m 1 






100 1 10 10 


segment offset | 


segment selector ] 




11111111 


mod 01 1 r/m | (mod ^11) 


11101011 


disp-low 1 


1 1 101001 


disp-low j disp-high [ 


11111111 


mod 100 r/m | 


1110 1010 


segment offset | 




segment selector ] 




11111111 


mod 101 r/m | (mod ^11) 






1 10000 1 1 


110000 10 


data-low | data-high | 


1 10 10 11 


1 1001010 


data-low | data-high | 







Shaded areas indicate instructions not available in MBL 8086, 88 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 


FORMAT 




Clock 
Cycles 


Comments 


CONTROL TRANSFER (Continued): 
JE/JZ = Jump on equal/zero 
JL/JNGE = Jump on less/not greater 
or equal 

JLE/JNG = Jump on less or 

equal/not greater 
JB/JNAE = Jump on below/not 

above or equal 
JBE/JNA = Jump on below or 

equal/not above 
JP/JPE = Jump on parity/parity even 
JO = Jump on overflow 
JS = Jump on sign 
JNE/JNZ = Jump on not equal/not 

zero 
JNL/JGE = Jump on not less/greater 

or equal 
JNLE/JG = Jump on not less or 

equal/greater 
JNB/JAE = Jump on not below/ 

above or equal 
JNBE/JA = Jump on not below or 

equal /above 
JNP/JPO = Jump on not par/par odd 
JNO = Jump on not overflow 
JNS = Jump on not sign 
JCXZ = Jump on CX zero 
LOOP = Loop CX times 
LOOPZ/LOOPE = Loop while 
zero/equal 
LOOPNZ/LOOPNE = Loop while 

not zero/equal 






4/13 
4/13 

4/13 

4/13 

4/13 

4/13 
4/13 
4/13 

4/13 
4/13 
4/13 
4/13 

4/13 

4/13 
4/13 
4/13 
5/15 
6/16 

6/16 
6/16 


JMP not 

taken/JMP 

taken 

LOOP not 

taken/LOOP 

taken 


|01 1 1 01 00 


disp [ 






1 1 1 1 1 1 1 


disp [ 






101111110 1 


disp 1 






|01 1 1 001 1 


disp [ 






101110110 1 


disp 1 






|01 1 1 1 1 


disp 


0111 0000 


disp 


01111 000 


disp 






[01110101 1 


disp 1 






101111101 1 


disp 1 






[01111111 1 


disp 1 






[01110011 I 


disp [ 






[01110111 [ 


disp 1 






011110 11 J 


disp [ 


0111 0001 J 


disp 1 


|01 1 1 1 001 J 


disp 


1 1 1 000 1 1 J 


disp 


11100010 [ 


disp [ 






|1 1 1 00001 [ 


disp [ 






[11100000 [ 


disp [ 






ENTER = Enter Procedure 

L = 

L= 1 

L> 1 

LEAVE = Leave Procedure 


[11001 000 [ 


data-low | data-high [ L j 


15 

25 

22+16(n-1) 

8 






; ' ■■■■, '■: ;'■'-'-'•■ .;■''=■•/:/.-'-,. '-:':'■ 


111001001 1 


INT = Interrupt: 

Type specified 

Type 3 

INTO = Interrupt on overflow 

IRET = Interrupt return 






47 
45 
48/4 

28 


if INT.taken/ 

if INT. not 

taken 


[11001101 1 


type 1 


n 1 001 1 00 1 




111001110 1 




111001111 1 




BOUND * Detect value out of range 


[0 1100010 j 


modr^ r/jn j 


•-33,-36- ; 





Shaded areas indicate instructions not available in MBL 8086, 88 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 



FUNCTION FORMAT 


Clock 
Cycles 


Comments 


PROCESSOR CONTROL 


2 
2 
2 
2 
2 
2 
2 
2 
6 
2 
6 


if tesF=0 


CLC = Clear carry 1 1111100 I 


CMC = ConriDlement carrv 1 11110 10 1 1 


STC = Set carrv 1 1 1 1 1 1 1 1 


CLD = Clear direction 1 11111100 1 


STD = Set direction I 1 1 1 1 1 1 1 1 


CLI = Clear interrupt 1 1 1 1 1 1 1 1 


STI = Set interrupt 1 1 1 1 1 1 1 1 1 


HLT = Halt 1 1 1 1 1 01 00 1 


WAIT = Wait 1 10 110 11 | 


LOCK = Bus lock prefix 1 111100 00 1 


ESC = Processor extension escape f 1 1 1 1 f TTH mod LLL r/nn 1 


(TTT LLL are opcode to processor extension) 



Shaded areas indicate instructions not available in MBL 8086, 88 nnicrosystems. 
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FOOTNOTES 

The Effective Address (EA) of the memory operand is com- 
puted according to the mod and r/m fields: 

if mod = 1 1 then r/m is treated as a REG field 
if mod = 00 then DISP = 0*, disp-low and disp-high are ab- 
sent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, 
disp-high is absent 
if mod = 10 then DISP = disp-high: disp-low 



if r/m = 000 then EA = 
if r/m = 001 then EA = 
if r/m = 010 then EA = 
if r/m = 01 1 then EA = 
if r/m= 100 then EA = 
if r/m = 101 then EA = 
if r/m = 110 then EA = 
if r/m = 1 1 1 then EA = 



DISP follows 2nd byte of instruction (before data if re- 
quired) 



REG is assigned according to the following table: 



(BX) + (SI) + 


DISP 


(BX) + (Dl) + 


DISP 


(BP) + (SI) + 


DISP 


(BP) + (Dl) + 


DISP 


(SI) + DISP 




(Dl) + DISP 




(BP) + DISP* 




(BX) + DISP 





16-Blt(w = 1) 


8-Bit (w = 0) 


000 AX 


000 AL 


001 CX 


001 CL 


010 DX 


010 DL 


Oil BX 


Oil BL 


100SP 


100 AH 


101 BP 


101 CH 


110SI 


110DH 


111 Dl 


111 BH 



The physical addresses of all operands addressed by the BP 
register are computed using the SS segment register. The 
physical addresses of the destination operands of the string 
primitive operations (those addressed by the Dl register) 
are computed using the ES segment, which may not be 
overridden. 



*except if mod = 00 and r/m = 110 then EA = disp-high : disp-low. 

NOTE: 

EA CALCULATION TIME IS 4 CLOCK CYCLES FOR ALL 
MODES, AND IS INCLUDED IN THE EXECUTION TIMES 
GIVEN WHENEVER APPROPRIATE. 




SEGMENT OVERRIDE PREFIX 



1 reg 1 1 



reg is assigned according to the following: 





Segment 


reg 


Register 


00 


ES 


01 


CS 


10 


SS 


11 


DS 
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PACKAGE ILLUSTRATION 



CERAMIC LCC 
(METAL SEAL) 




PACKAGE DIMENSIONS (Suffix -CV) 



68-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-68C-A01) 



INDEX AREA 



.670(17.02)80 



TYP 




.050(1.27) 



C.040(1.02) 



.940(23.88) 



.960(24.38) 



SQ- 



.036(0.91) 



.842(21.39) 
.858(21.79) 



.060(1.52) 



TYP 
.110(2.79) 



.842(21.39) 



.858(21.79) 



©1985 FUJITSU C68001S-1C 



Dimensions in 
inches (millinneters) 
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PACKAGE ILLUSTRATION 



CERAMIC PGA 
(METAL SEAL) 




PACKAGE DIMENSION (Suffix -CR) 



68-LEAD CERAMIC (METAL SEAL) 

REPEATED QUAD IN-LINE PACKAGE 

(CASE No.: RIT-68C-A01) 



.050(1.27)DIATYP 



.090(2.29) 
.110(2.79) I 



f y 


O O O O o 


o 


/ 


O O O O O 


® 


o o 




o 


o 




o 


o 




o 


o 




o 







o o 


o 




o 


o 




o o 


® 


O O O o 


® o 


OOOOOOOOOQ 


1.135(28.83)_ 




1.165(29.59)^"" 





1.000(25.40) 
REF 



.015(0.38) . 



©1985 FUJITSU R68001S-2C 



.020(0.51)'^ 



.083(2.11) 



.099(2.49) 



.122(3.10) 



.055(1.40) 
.100(2.54) 



.120(3.05) 
.185(4.70) 



INDEX AREA 



Dimensions in 
inches (nnillinneters) 
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NMOS 16-BIT 
MICROPROCESSOR 



MBL 8086 
MBL 8086-2 
MBL 8086-1 



February 19iB5 
Edition 4.0 



NMOS 16-BIT MICROPROCESSOR 

The Fujitsu MBL8086 high performance 16-bit CPU is available in three clock rates: 5, 8 and 10 MHz. The CPU is 
implemented in N-Channel, depletion load, silicon gate technology, and packaged in a 40-pin ceramic or plastic DIP. 
The MBL 8086 operates in both single processor and multiple processor configurations to achieve high performance 
levels. 



• Direct Addressing Capability of 1 MByte 
of Memory 

• Architecture Designed for Powerful 
Assembly Language and Efficient High 
Level Languages. 

• 14 Word by 16-Bit Register Set with 
Symmetrical Operations 

• 24 Operand Addressing Modes 

• Bit, Byte, Word, and Block Operations 



• 8 and 16-Bit Signed and Unsigned 
Arithmetic in Binary or Decimal 
Including Multiply and Divide 

• Range of Clock Rates: 

5 MHz for MBL 8086, 
8 MHz for MBL 8086-2, 
10 MHz for MBL 8086-1 

• MuLtIBUS* System Compatible 
Interface 

• 40-Pin DIP: 

Ceramic DIP (Suffix: -C) 
Plastic DIP (Suffix: -P) 



Fig. 1 - BLOCK DIAGRAM 

EXECUTION UNIT BUS INTERFACE UNIT 



I I I RELOCATION 

REGISTER FILE REGISTER FILE 



DATA 
POINTER AND 
INDEX REGS 
(8 WORDS) 






SEGMENT 
REGISTERS 
AND 
INSTRUCTION 
POINTER 
(5 WORDS) 



Tf 



1J> _ 

— • ^BHE/S, 



IE 



K A„/S, 

A,^/S, 

=0 



BUS KT6'>AD,,-AD„ 

INTERFACE^ 

UNIT 

' INTA,RD,WR 



DT/R,DEN,ALE 



6-BYTE 

INSTRUCTION 

QUEUE 



TEST- 

liMTR- 

NMI- 



HOLD- 
HLDA- 



-<X> 



iz. 



CONTROL & TIMING 



READY _ 

CLK RESET MN/MX GND 



7 



LOCK 
~"2'NqS..QS. 
l3:J)s",,S",,So 



Fig. 2- PIN CONFIGURATIONS 



GNDC 
AD14C 



AD13E 3 



AD12C 
AD11C 
AD10C 
AD9C 
ADSi: 
AD7t: 
AD6I: 
AD5C 
AD4C 
ADSII 
AD2C 
AD1C 
ADOC 
NMIC 
INTRC 
CLKC 
GNDC 



MAX 
MODE 

HVcc 

1AD15 

DA16/S3 

DA17/S4 

DA18/S5 

DA19/S6 

:]BHE/S7 

H MN/MX 

DRD 

DRQ/GTO 

drq/gtT 

DLOCK 

DS2 

13 51 

DSO 

DQSO 

D QS1 

in TEST 

HREADY 

DRESET 



MIN 1 
MODE J 



(HOLD) 

(HLDA) 

(WR) 

(M/IO) 

(DT/R) 

(DEN) 

(ALE) 

(TNTA) 



*Trade Mark of Intel Corporation, USA 
Portions Reprinted by permission of Intel Corporation 
© Intel Corporation, 1983 
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TABLE 1 - PIN DESCRIPTION 



The following pin function descriptions are for MBL 8086 systems in either minimum or maximum mode. The "Local Bus" in 
these descriptions is the direct multiplexed bus interface connection to the MBL 8086 (without regard to additional bus 
buffers). 



Symbol 



Pin No. 



Type 



Name and Function 



ADi5-ADn 



2-16,39 



I/O 



Address Data Bus: These lines constitute the time multiplexed memory/10 address (Ti ) 
and data {T2, T3, T^, T4) bus. Aq is analogous to BHE for the lower byte of the data bus, 
pins D7-D0. it Is LOW during Ti when a byte is to be transferred on the lower portion of 
the bus in memory or I/O operations. Eight-bit oriented devices tied to the lower half 
would normally use Aq to condition chip select functions. (See BHE.) These lines are 
active HIGH and float to 3-state OFF during interrupt acknowledge and local bus "hold 
acknowledge." 



A19/S6 
Ais/Ss 
A17/S4 
A16/S3 



35-38 



Address/Status: During Ti these are the four most 
significant address lines for memory operations. During 
I/O operations these lines are LOW. During memory and 
I/O operations, status Information is available on these 



and T4. The status of the 
updated at the 
and A16/S3 are 



lines during T2, T3, T^ 

interrupt enable FLAG bit (S5 ) is 

beginning of each CLK cycle. A17/S4 

encoded as shown. 

This information indicates which relocation register is 

presently being used for data accessing. 

These lines float to 3-state OFF during local bus "hold 

acknowledge." 



A,,/S, 


AiJSs 


Characteristics 


O(LOW) 





Alternate Data 





1 


Stack 


KHIGH) 





Code or None 


1 


1 


Data 


Sg isO 






(LOW) 







BHE/S7 



34 



Bus Hi gh En able/Status: During Tj the bus high enable 
signal (BHE) should be used to enable data onto the 
most significant half of the data bus, pins Dis-Dg. 
Eight-bit oriented devices tied to the upper half of the 
bus would norm ally use BHE to condition chip select 
functions. BHE Is LOW during Ti for read, write, and 
interrupt acknowledge cycles when a byte Is to be 
transferred on the high portion of the bus. The S7 status 
Information is available during T2, T3, and T4. The 
signal Is active LOW, and floats of 3-state OFF in 
"hold." It Is LOW during Ti for the first interrupt 
acknowledge cycle. 



BHE 


Ao 


Characteristics 








Whole word 





1 


Upper byte from /to 
odd address 


1 
1 



1 


Lower byte from /to 
even address 
None 




RD 



32 



Read: Read strobe indicates that the processor is performing a memory or I/O read cycle, 
depending on the state of the S2 pin. This signal Is used to read devices which reside on the 
MBL 8086 local bus. RD Is active LOW during T2, T3 and Tw of any read cycle, and is 
guaranteed to remain HIGH In T2 until the MBL 8086 local bus has floated. 
This signal floats to 3-state OFF In "hold acknowledge." 



READY 



22 



READY: Is the acknowledgement from the addressed memory or I/O device that it will 
complete the data transfer. The READY signal from memory/IO is synchronized by the 
MBL 8284A Clock Generator to form READY. This signal is active HIGH. The MBL 8086 
READY input Is not synchronized. Correct operation is not guaranteed if the setup and 
hold times are not met. 



INTR 



18 



Interrupt Request: is a level triggered input which Is sampled during the last clock cycle of 
each instruction to determine if the processor should enter into an interrupt acknowledge 
operation. A subroutine Is vectored to via an interrupt vector lookup table located in 
system memory. It can be Internally masked by software resetting the interrupt enable bit. 
INTR Is internally synchronized. This signal is active HIGH. 



TEST 



23 



TEST: Input Is examined by the "Wait" instruction. If the TEST input is LOW execution 
continues, otherwise the processor waits In an "Idle" state. This Input Is synchronized 
internally during each clock cycle on the leading edge of CLK. 
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TABLE 1 - PIN DESCRIPTION (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


NMI 


17 


1 


Non-maskable interrupt: an edge triggered input which causes a type 2 interrupt. A 
subroutine is vectored to via an interrupt vector lookup table located in system memory. 
NMI is not maskable internally by software. A transition from a LOW to HIGH initiates the 
interrupt at the end of the current instruction. This input is internally synchronized. 


RESET 


21 


1 


Reset: causes the processor to immediately terminate its present activity. The signal must 
be active HIGH for at least four clock cycles. It restarts execution, as described in the 
instruction Set description, when RESET returns LOW. RESET is internally synchrnoized. 


CLK 


19 


1 


Clock: provides the basic timing for the processor and bus controller. It is asymmetric 
with a 33% duty cycle to provide optimized internal timing. 


Vcc 


40 




Vcc- +5V power supply pin. 


GND 


1,20 




Ground 


MN/MX 


33 


1 


Minimum/Maximum: indicates what mode the processor is to operate in. The two modes 
are discussed in the following sections. 



The following pin function descriptions are for the MBL 8086/8288 system in maximum mode (i.e., MN/MX = GND). Only the 
pin functions which are unique to maximum mode are described; all other pin functions are as described above. 



S2/S1 ,So 



26-28 



Status: active during T4,Ti, and T2 and is returned to 
the passive state (1,1,1) during T3 or during Tw when 
READY is HIGH. This status is used by the MBL 8288 
Bus Controller to generate all_memory and I/O access 
control signals. Any change by S2, S^, or S^ during T4 
is used to indicate the beginning of a bus cycle, and the 
return to the passive state in T3 or Tw is used to 
indicate the end of a bus cycle. 

These signals float to 3-state OFF in "hold acknowl- 
edge." These status lines are encoded as shown. 



s. 


s, 


So 


Characteristics 


OILOW) 








Interrupt 
Acknowledge 








1 


Read I/O Port 





1 





Write I/O Port 





1 


1 


Halt 


KHIGH) 








Code Access 


1 





1 


Read Memory 


1 


1 





Write Mennorv 


1 


1 


1 


Passive 



RQ/GTo, 
RQ/GTi 



30,31 



I/O 



Request/Grant: pins are used by other local bus masters to force the processor to release 
the local bus at the end of the processor's current bus cycle. Each pin is bidirectional with 
RQ/GTo having higher priority than RQ/GTi . RQ/GT has an internal pull-up resistor so 
may be left unconnected. The request/grant sequence is as follows (see Figure 9): 

1. A pulse of 1 CLK wide from another local bus master indicates a local bus request 
("hold") to the MBL 8086 (pulse 1). 

2. During a T4 or Ti clock cycle, a pulse 1 CLK wide from the MBL 8086 to the requesting 
master (pulse 2), indicates that the MBL 8086 has allowed the local bus to float and 
that it will enter the "hold acknowledge" state at the next CLK. The CPU's bus 
interface unit is disconnected logically from the local bus during "hold acknowledge." 

3. A pulse 1 CLK wide from the requesting master indicates to the MBL 8086 (pulse 3) 
that the "hold" request is about to end and that the MBL 8086 can reclaim the local 
bus at the next CLK . 

Each master-master exchange of the local bus is a sequence of 3 pulses. There must be one 
dead CLK cycle after each bus exchange. Pulses are active LOW. 

If the request is made while the CPU is performing a memory cycle, it will release the local 
bus during T4 of the cycle when all the following conditions are met: 

1 . Request occurs on or before T2 . 

2. Current cycle is not the low byte of a word (on an odd address). 

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 

4. A locked instruction is not currently executing. 
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TABLE 1 - PIN DESCRIPTION (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 








If the local bus is idle when the request is made the two possible events will follow: 

1. Local bus will be released during the next clock. 

2. A memory cycle will start within 3 clocks. Now the four rules for a currently active 
memory cycle apply with condition number 1 already satisfied. 


LOCK 


29 





LOCK: output indicates that other system bus masters are not to gain control of the 
system bus while LOCK is active LOW. The LOCK signal is activated by the "LOCK" 
prefix instruction and remains active until the completion of the next instruction. This 
signal is active LOW, and floats to 3-state OFF in "hold acknowledge." 


QSi,QSo 


24,25 









Queue Status: The queue status is valid during the 
CLK cycle after which the queue operation is per- 
formed. 

QSi and QSq provide status to allow external tracking 
of the internal MBL 8086 instruction queue. 


QS, 


QSo 


Characteristics 


(LOW) 


1 (HIGH) 
1 




1 



1 


No Operation 
First Byte of Op 
Code from Queue 
Empty the Queue 
Subsequent Byte 
from Queue 







The following pin function descriptions are for the MBL 8086 in minimum mode (i.e., MN/MX=Vcc)- Only the pin functions 
which are unique to minimum mode are described; all other pin functions are as described above. 



M/IO 


28 





Status line: logically equivalent to $2 in the maximum mode. It is used to distinguish a 
memory access from an I/O access. M/IO becomes valid in the T4 preceding a bus cycle and 
remains valid until the final T4 of the cycle (M=HIGH, TO=LOW). M/FO floats to 3-state 
OFF in local bus "hold acknowledge." 


WR 


29 





Write: indicates that the processor is performing a write memory or write I/O cycle, 
depending on the state of the M/IO signal. WR is active for T2, T3 and T^ of any write 
cycle. It is active LOW, and floats to 3-state OFF in local bus "hold acknowledge." 


INTA 


24 





INTA is used as a read strobe for interrupt acknowledge cycles. It is active LOW during T2 , 
T3, and Tw of each interrupt acknowledge cycle. 


ALE 


25 





Address Latch Enable: provided by the processor to latch the address into the 
MBL 8282/8283 address latch. It is a HIGH pulse active during T^ of any bus cycle. Note 
that ALE is never floated. 


DT/R 


27 





Data Transmit/Receive: needed in minimum system that desires to use an MBL 8286/8287 
data bus transceiver. It is used to control the direction of data flow through the transceiver. 
Logically DT/R is equivalent to Si in the maximum mode, and its timing is the same as for 
M/IO. {T=HIGH, R=LOW). This signal floats to 3-state OFF in local bus "hold 
acknowledge." 


DEN 


26 





Date Enable: provided as an output enable for the MBL 8286/8287 in a minimum system 
which uses the transceiver. DEN is active LOW during each memory and I/O access and for 
INTA cycles. For a read or INTA cycle it is active from the middle of T2 until the middle 
of T4, while for a write cycle it is active from the beginning of T2 until the middle of T4. 
DEN floats to 3-state OFF in local bus "hold acknowledge." 


HOLD, 
HLDA 


31,30 


I/O 


HOLD: indicates that another master is requesting a local bus"hold." To be acknowledged, 
HOLD must be active HIGH. The processor receiving the "hold" request will issue HLDA 
(HIGH) as an acknowledgement in the middle of a T4 or Ti clock cycle. Simultaneous 
with the issuance of HLDA the processor will float the local bus and control lines. After 
HOLD is detected as being LOW, the processor will LOWer the HLDA, and when the 
processor needs to run another cycle, it will again drive the local bus and control lines. 

The same rules as for RQ/GT apply regarding when the local bus will be released. 

HOLD is not an asynchronous input. External synchronization should be provided if the 
system cannot otherwise guarantee the setup time. 
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FUNCTIONAL DESCRIPTION 

GENERAL OPERATION 

The internal functions of the iVIBL 8086 processor are 
partitioned logically into two processing units. The first is 
the Bus Interface Unit (BID) and the second is the 
Execution Unit (EU) as shown in the block diagram of 
Figure 1. 

These units can interact directly but for the most part 
perform as separate asynchronous operational processors. 
The bus interface unit provides the functions related to 
instruction fetching and queuing, operand fetch and store, 
and address relocation. This unit also provides the basic 
bus control. The overlap of instruction pre-fetching 
provided by this unit serves to increase processor perform- 
ance through improved bus bandwidth utilization. Up to 6 
bytes of the instruction stream can be queued while 
waiting for decoding and execution. 

The instruction stream queuing mechanism allows the BlU 
to keep the memory utilized very efficiently. Whenever 
there is space for at least 2 bytes in the queue, the BlU 
will attempt a word fetch memory cycle. This greatly 
reduces "dead time" on the memory bus. The queue acts 
as a First-in- First- Out (FIFO) buffer, from which the EU 
extracts instruction bytes as required. If the queue is 
empty (following a branch instruction, for example), the 
first byte into the queue immediately becomes available 
to the EU. 

The execution unit receives pre-fetched instructions from 
the BlU queue and provides un-relocated operand ad- 
dresses to the BlU. Memory operands are passed through 
the BlU for processing by the EU, which passes results to 
the BlU for storage. See the Instruction Set description 
for further register set and architectural descriptions. 

MEMORY ORGANIZATION 

The processor provides a 20-bit address to memory which 
locates the byte being referenced. The memory is organ- 
ized as a linear array of up to 1 million bytes, addressed as 
00000(H) to FFFFF(H). The memory is logically divided 
into code, data, extra data, and stack segments of up to 
64K bytes each, with each segment falling on 16-byte 
boundaries. (See Figure 3a.) 



All memory references are made relative to base addresses 
contained in high speed segment registers. The segment 
types were chosen based on the addressing needs of 
programs. The segment register to be selected is automati- 
cally chosen according to the rules of the following table. 
All information in one segment type share the same 
logical attributes (e.g. code or data). By structuring 
memory into relocatable areas of similar characteristics 
and by automatically selecting segment registers, programs 
are shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or odd 
address boundaries and are thus not constrained to even 
boundaries as is the case in many 16-bit computers. For 
address and data operands, the least significant byte of the 
word is stored in the lower valued address location and 
the most significant byte in the next higher address 
location. The BlU automatically performs the proper 
number of memory accesses, one if the word operand is 
on an even byte boundary and two if it is on an odd byte 
boundary. Except for the performance penalty, this 
double access is transparent to the software. This perform- 
ance penalty does not occur for instruction fetches, only 
word operands. 

Physically, the memory is organized as a high bank 
(Dis-Dg) and a low bank (D7-D0) of 51 2K 8-bit bytes 
addressed in parallel by the processor's address lines 
A19-A1. Byte data with even addresses is transferred on 
the D7-D0 bus lines while odd addressed byte data (Aq 
HIGH) is transferred on the Dis-Dg bus lines. The 
processor provides two enable signals, BHE and Aq, to 
selectively allow reading from or writing into either an 
odd byte location, even byte location, or both. The 
instruction stream is fetched from memory as words and 
is addressed internally by the processor to the byte level 
as necessary. 

In referencing word data the BlU requires one or two 
memory cycles depending on whether or not the starting 
byte of the word is on an even or odd address, respec- 
tively. Consequently, in referencing word operands 



Memory 
Reference Need 


Segment Register 
Used 


Segment Selection Rule 


Instructions 


CODE (CS) 


Automatic with all instruction prefetch. 


Stack 


STACK (SS) 


All stack pushes and pops. Memory references relative to BP base register 
except data references. 


Local Data 


DATA (DS) 


Data references when: relative to stack, destination of string operation, 
or explicity overridden. 


External (Global) Data 


EXTRA (ES) 


Destination of string operations: Explicitly selected using a segment 
override. 
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performance can be optimized by 
locating data on even address bounda- 
ries. This is an especially useful tech- 
nique for using the stack, since odd 
address references to the stack may 
adversely affect the context switching 
time for interrupt processing or task 
multiplexing. 

Certain locations in memory are re- 
served for specific CPU operations (see 
Figure 3b). Locations from address 
FFFFOH through FFFFFH are re- 
served for operations including a jump 
to the initial program loading routine. 
Following RESET, the CPU will al- 
ways begin execution at location 
FFFFOH where the jump must be. 
Locations OOOOOH through 003 FFH 
are reserved for interrupt operations. 
Each of the 256 possible interrupt 
types has its service routine pointed to 
by a 4-byte pointer element consisting 
of a 16-bit segment address and a 16- 
bit offset address. The pointer ele- 
ments are assumed to have been stored 
at the respective places in reserved 
memory prior to occurrence of inter- 
rupts. 

MINIMUM AND MAXIMUM MODE 

The requirements for supporting 
minimum and maximum MBL 8086 
systems are sufficiently different that 
they cannot be done efficiently with 
40 uniquely defined pins. Consequent- 
ly, the MBL 8086 is equipped with a 
strap pin (MN/MX) which defines the 
system configuration. The definition 
of a certain subset of the pins changes 
dependent on the condition of the 
strap pin. When the MN/MX. pin is 
strapped to GND, the MBL 8086 
treats pins 24 through 31 in maximum 
mode. An MBL 8288 bus controller 
interprets status information coded 
into So, Si, S2 to generate bus timing 
and control signals compatible with 
the MULTIBUS* architecture. When 
the MN/MX pin is strapped to Vcc* 
the MBL 8086 generates bus control 
signals itself on pins 24 through 31, as 
shown in parentheses in Figure 2. 
Examples of minimum mode and 
maximum mode systems are shown in 
Figure 4. 



Fig. 3a - MEMORY ORGANIZATION 



SEGMENT 
REGISTER FILE 



+OFFSET 



FFFFFH 

>CODE SEGMENT 
^XXXXOH 

>STACK SEGMENT 



^DATA SEGMENT 



> EXTRA DATA SEGMENT 



Fig. 3b - RESERVED MEMORY LOCATIONS 

FFFFFH 
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INTERRUPT POINTER 
FOR TYPE 255 
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INTERRUPT POINTER 
FOR TYPE 



FFFFOH 



3FFH 



3FCH 
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Fig. 4a - MINIMUM MODE MBL 8086 TYPICAL CONFIGURATION EXAMPLE 
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Fig. 4b - MAXIMUM MODE MBL 8086 TYPICAL CONFIGURATION EXAMPLE 
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BUS OPERATION 

The MBL 8086 has a combined address and data bus 
commonly referred to as a time-multiplexed bus. This 
technique provides the most efficient use of pins on the 
processor while permitting the use of a standard 40-lead 
package. This "local bus" can be buffered directly and 
used throughout the system with address latching pro- 
vided on memory and I/O modules. In addition, the bus 
can also be demultiplexed at the processor with a single 
set of address latches if a standard non-multiplexed bus is 
desired for the system. 

Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as Ti, T2, T3 and T4 (see 
Figure 5). The address is emitted from the processor 
during Ti and data transfer occurs on the bus during T3 
and T4 . T2 is used primarily for changing the direction of 
the bus during read operations. In the event that a "NOT 
READY" indication is given by the addressed device, 
"Wait" states (Tw ) are inserted between T3 and T4 . Each 
inserted "Wait" state is of the same duration as a CLK 
cycle. Periods can occur between MBL 8086 bus cycles. 
These are referred to as "Idle" states (T^ ) or Inactive CLK 
cycles. The processor uses these cycles for internal 
housekeeping. 

During Ti of any bus cycle the ALE (Address Latch 
Enable) signal is emitted (by either the processor or the 
MBL 8288 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid address 
and certain status information for the cycle may be latch- 
ed. 

Status bits S^, Si^, and S7 are used, in maximum mode, by 
the bus controller to identify the type of bus transaction 
according to the following table: 



S2 


s; 


% 


CHARACTERISTICS 


(LOW) 








Interrupt Acknowledge 








1 


Read I/O 





1 





Write I/O 





1 


1 


Halt 


1 (HIGH) 








Instruction Fetch 


1 





1 


Read Data from Memory 


1 


1 





Write Data to Memory 


1 


1 


1 


Passive (no bus cycle) 



Status bit S3 through S7 a re multiplexed with high-order 
address bits and the BHE signal, and are therefore valid 
during T2 through T4. S3 and S4 indicate which 
segment register (see Instruction Set description) was used 
for this bus cycle informing the address, according to the 
following table: 



S4 


S3 


CHARACTERISTICS 


(LOW) 


1 (HIGH) 
1 



1 


1 


Alternate Data (extra segment) 

Stack 

Code or None 

Data 



Ss is a reflection of the PSW interrupt enable bit. Ss '■ 
and S7 is a spare status bit. 



I/O ADDRESSING 

In the MBL 8086 I/O operations can addressed up to a 
maximum of 64K I/O byte registers or 32K I/O word 
registers. The I/O address appears in the same format as 
the memory address on bus lines Ais-Aq. The address 
lines A19-A16 are zero in I/O operations. The variable I/O 
instructions which use register DX as a pointer have full 
address capability while the direct I/O instructions direct- 
ly address one or two of the 256 I/O byte locations in 
page of the I/O address space, 

I/O ports are addressed in the same manner as memory 
locations. Even addressed bytes are transferred on the 
D7-D0 bus lines and odd addressed bytes on Dis-Dg. Care 
must be taken to assure that each register within an 8-bit 
peripheral located on the lower portion of the bus be 
addressed as even. 
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Fig. 5 - BASIC SYSTEM TIMING 
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EXTERNAL INTERFACE 

PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished with 



activation (HIGH) of the RESET pin. The MBL 
RESET is required to be HIGH for greater than 4 CLK 
cycles. The MBL 8086 will terminate operations on the 
high-going edge of RESET and will remain dormant as 
long as RESET is HIGH. The low-going transition of 
RESET triggers an internal reset sequence for approxi- 
mately 10 CLK cycles. After this interval the MBL 8086 
operates normally beginning with the instruction in abso- 
lute location FFFFOH (see Figure 3b). The details of this 
operation are specified in the Instruction Set description 
of the Family User's Manual. The RESET input is inter- 
nally synchronized to the processor clock. At initializa- 
tion the HIGH-to-LOW transition of RESET must occur 
no sooner than 50 jUs after power-up, to allow complete 
initialization of the MBL 8086. 

NMI may not be asserted prior to the 2nd CLK cycle 
following the end of RESET. 

INTERRUPT OPERATIONS 

Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts and 
software aspects of hardware interrupts are specified in 
the Instruction Set description. Hardware interrupts can 
be classified as non-maskable or maskable. 

Interrupts result in a transfer or control to a new program 
location. A 256-element table containing address pointers 
to the interrupt service program locations resides in 
absolute locations through 3FFH (see Figure 3b), which 
are reserved for this purpose. Each element in the table is 
4 bytes in size and corresponds to an interrupt "type". An 



interrupting device supplies an 8-bit type number, during 
the interrupt acknowledge sequence, which is used to 
"vector" through the appropriate element to the new 
interrupt service program location. 

NON-MASKABLE INTERRUPT (NMI) 

The processor provides a single non-maskable interrupt 
pin (NMI) which has higher priority than the maskable 
interrupt request pin (INTR). A typical use would be to 
activate a power failure routine. The NMI is edge-triggered 
on a LOW-to-HIGH transition. The activation of this pin 
causes a type 2 interrupt. (See instruction Set descrip- 
tion.) 

NMI is required to have a duration in the HIGH state of 
greater than two CLK cycles, but is not required to be 
synchronized to the clock. Any high-going transition of 
NMI is latched on-chip and will be serviced at the end of 
the current Instruction or between whole moves of a 
block-type instruction. Worst case response to NMI would 
be for multiply, divide, and variable shift instructions. 
There is no specification on the occurrence of the 
low-going edge; it may occur before, during, or after the 
servicing of NMI. Another high-going edge triggers another 
response if it occurs after the start of the NMI procedure. 
The signal must be free of logical spikes in general and be 
free of bounces on the low-going edge to avoid triggering 
extraneous responses. 

MASKABLE INTERRUPT (INTR) 

The MBL 8086 provides a single interrupt request input 
(INTR) which can be masked internally by software with 
the resetting of the interrupt enable FLAG status bit. The 



Fig. 6 - INTERRUPT ACKNOWLEDGE SEQUENCE 
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interrupt request signal is level triggered. It is internally 
synchronized during each clock cycle on the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current instruction or the end of a whole move for a 
block-type instruction. During the interrupt response 
sequence further interrupts are disabled. The enable bit is 
reset as part of the response to any interrupt (INTR, NMI, 
software interrup|| or single-step), although the FLAGS 
register which is automatically pushed onto the stack 
reflects the state of the processor prior to the interrupt. 
Until the old FLAGS register is restored the enable bit 
will be zero unless specifically set by an instruction. 

During the response sequence (figure 6) the processor 
excutes two successive (back-to-back) Interrupt acknowl- 
edge cycles. The MBL 8086 emits the LOCK signal from 
Tj of the first bus cycle until T2 of the second. A local 
bus "hold" request wiji not be honored until the end of 
the second bus cycle, jfi the second bus cycle a byte is 
fetched from the external Interrupt system (e.g., 
MBL 8259A PIC) which idetifies the source (type) of the 
Interrupt. This byte is multiplied by four and used as a 
pointer into the interrupt vector lookup table. An INTR 
signal left HIGH will be continually responded to within 
the limitations of the enable bit and sample period. The 
INTERRUPT RETURN instruction includes a FLAGS 
pop which returns the status of the original interrupt 
enable bit when it restores the FLAGS. 

HALT 

When a software "HALT" instruction is executed the 
processor indicates that it is entering the "HALT" state in 
one of two ways depending upon which mode is strapped. 
In minimum mode, the processor issues one ALE with no 
qualifying bus control signals. In Maximum Mod^, the 
processor issues appropriate HALT status on S2, Si, So 
and the MBL 8288 bus controller issues one ALE. The 
MBL 8086 will not leave the "HALT" state when a local 
bus "hold" is entered while in "HALT". In this case, the 
processor reissues the HALT indicator. An interrupt re- 
quest or RESET will force the MBL 8086 out of the 
"HALT" state. 

READ/MODIFY/WRITE (SEMAPHORE) 
OPERATIONS VIA LOCK 



The LOCK status information is provided by the pro- 
cessor when directly consecutive bus cycles are required 
during the execution of an instruction. This provides the 
processor with the capability of performing read/modify/ 
write operations on memory (via the Exchange Register 
With Memory instruction, for example) without the 
possibility of another system bus master receiving inter- 
vening memory cycles. This is useful in multiprocessor 
system configur ations to accomplish "test and set lock" 
operations. The LOCK signal is activated (forced LOW) in 

*Trade Mark of Intel Corporation, USA 



the clock cycle following the one In which the software 
"LOCK" prefix instruction is decoded by the EU. It is 
deactivated at the end of the last bus cycle of the 
instruc tion f ollowing the "LOCK" prefix instruction. 
While LOCK is active a request on a RQ/G T pin w ill be 
recorded and then honored at the end of the LOCK. 

EXTERNAL SYNCHRONIZATION VIA TEST 

As an alternative to the interrupts and general I/O 
capabilities, the MBL 8086 provi des a single software- 
testable input known as the TEST signal. At any time the 
prog ram m ay execute a WAIT instruction. If at that time 
the TEST signal is inactive (HIGH), program execution 
becomes suspended while the processor waits for TEST to 
become active. It must remain active for at least 5 CLK 
cycles. The WAIT instruction is re-executed repeatedly 
until that time. This activity does not consume bus cycles. 
The processor remains in an idle state while waiting. All 
MBL 8086 drivers go to 3-state OFF if bus "Hold" is 
entered. If interrupts are enabled, they may occur while 
the processor is waiting. When this occurs the processor 
fetches the WAIT instruction one extra time, processes 
the interrupt, and then re-feches and re-executes the 
WAIT instruction upon returning from the interrupt. 



BASIC SYSTEM TIMING 

Typical system configurations for the processor operating 
in minimum mode and in maximum mode are shown in 
Figures_4a and 4b, respectively. In minimum mode, the 
MN/MX pin is strapped to Vcc ^^^ the processor emits 
bus control signals in a manner similar to the 8085. In 
maximum mode, the MN/MX pin is strapped to Vss and 
the processor emits coded status information which the 
MBL 8288 bus controller uses to generate MULTIBUS* 
compatible bus control signals. Figure 5 illustrates the 
signal timing relationships. 




Fig. 7 - MBL 8086 REGISTER MODEL 
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SYSTEM TIMING -MINIMUM SYSTEM 

The read cycle begins in T^ with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low- 
going) edge of this signal is used to latch the address 
information, which is valid on the local bus at this time, 
into the MBL 8282/8283 latch. The BHE and Aq signals 
address the low, high, or both bytes. From T^ to T4 the 
M/IO signal indicates a memory or I/O operation. At T2 
the address is removed from the local bus and the bus goes 
to a high impedance state. The read control signal is also 
asserted at T2. The read (RD) signal causes the addressed 
device to enable its data bus drivers to the local bus. Some 
time later valid data will be available on the bus and the 
addressed device will drive the READY line HIGH. When 
the processor returns the read signal to a HIGH level, the 
addressed device will again 3-state its bus drivers. If a 
transceiver (MBL 8286/8287) is requ ired t o buffer the 
MBL 8086 local bus, signal DT/R and DEN are provided 
by the MBL 8086. 

A write cycle also begins with the assertion of ALE and 
the emission of the address. The M/IO signal is again 
asserted to indicate a memory or I/O write operation. In 
the T2 immediately following the address emission the 
processor emits the data to be written into the addressed 
location. This data remains valid until the middle of T4. 
During T2, T3 and Tw t he p rocessor asserts the write 
control signal. The write (WR) signal becomes active at 
the beginning of T2 as opposed to the read which is 
delayed somewhat into T2 to provide time for the bus to 
float. 

The BHE and Aq signals are used to select the proper 
byte(s) of the memory/10 word to be read or written 
according to the following table: 



BHE 


Ao 


CHARACTERISTICS 








Whole word 





1 


Upper byte from/ 
to odd address 


1 





Lower byte from/ 
to even address 


1 


1 


None 



I/O ports are addressed in the same manner as memory 
location. Even addressed bytes are transferred on the 



D7-D0 bus lines and odd addressed bytes on Dis-Dg. 

The basic difference between the interrupt acknowledge 
cycle and a read cycle is that the interrupt acknowledge 
signal (INTA) is asserted in place of the read (RD) signal 
and the address bus is floated. (See Figure 6.) In the 
second of two successive INTA cycles, a byte of informa- 
tion is read from bus lines D7-D0 as supplied by the 
interrupt system logic (i.e., MBL 8259A Priority Interrupt 
Controller). This byte identifies the source (type) of the 
interrupt. It is multiplied by four and used as a pointer 
into an interupt vector lookup table, as described earlier. 

BUS TIMING -MEDIUM SIZE SYSTEMS 

For medium size systems the MN/MX pin is connected to 
GND and the MBL 8288 Bus Controller is added to the 
system as well as an MBL 8282/8283 latch for latching 
the system address, and a MBL 8286/8287 transceiver to 
allow for bus loading greater than the MBL 8086 is 
capable of handling. Signals ALE, DEN, and DT/R are 
generated by the MBL 8288 instead of the processor in 
this configuration although their timing remains relatively 
the same. The MBL 8086 status outputs (82 , Si , and So ) 
provide type-of-cycle information and become MBL 8288 
inputs. This bus cycle information specifies read (code, 
data, or I/O), write (data or I/O), interrupt acknowledge, 
or software halt. The MBL 8288 thus issues control signals 
specifying memory read or write, I/O read or write, or 
interrupt acknowledge. The MBL 8288 provides two types 
of write strobes, normal and advanced, to be applied as 
required. The normal write strobes have data valid at the 
leading edge of write. The advanced write strobes have the 
same timing as read strobes, and hence data isn't valid at 
the leading edge of write. The MBL 8286/8287 transceiver 
receives the usual T and OE inputs from the MBL 8288's 
DT/R and DEN. 

The pointer into the interrupt vector table, which is 
passed during the second INJA cycle, can derive from an 
MBL 8259 A located on either the local bus or the system 
bus. If the master MBL 8259A Priority Interrupt Con- 
troller is positioned on the local bus, a TTL gate is 
required to disable the MBL 8286/8287 transceiver when 
reading from the master MBL 8259A during the interrupt 
acknowledge sequence and software "poll". 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70° C 

Storage Temperature — 65°C to + 150°C 

Voltage on Any Pin with 

Respect to Ground -0.5 to + 7V 

Power Dissipation 2.5 Watt 



*NOTE: Permanent device damage may occur if ABSO- 
LUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the 
conditions as detailed in the operational sections 
of this data sheet. Exposure to absolute maxi- 
mum rating conditions for extended periods may 
affect device reliability. 



D.C. CHARACTERISTICS 



(MBL 8086: Vcc = 5V ± 10%, T^ = 0°C to 70°C) 
(MBL 8086-2: Vcc = 5V ± 5%, Ta = 0°C to 70°C) 
(MBL 8086-1 : Vcc = 5V ± 5%, Ta = 0°C to 70°C) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V,L 


Input Low Voltage 


-0.5 


-t-0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc + 0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2.5 mA 


VoH 


Output High Voltage 


2.4 




V 


Ioh=-400mA 


Ice 


Power Supply Current: MBL 8086 
MBL 8086-2 
MBL 8086-1 




340 
350 
360 


mA 


Ta = 25° C 


Ili 


Input Leakage Current 




±10 


juA 


OV<V,M<Vcc 


Ilo 


Output Leakage Current 




±10 


ma 


0.45V <VouT< Vcc 


VcL 


Clock Input Low Voltage 


-0.5 


+0.6 


V 




VCH 


Clock Input High Voltage 


3.9 


Vcc + 1.0 


V 




C|N 


Capacitance of Input Buffer 
(All input except 
ADo-ADi5,RQ/GT) 




15 


PF 


fc = 1 MHz 


C,o 


Capacitance of I/O Buffer 
(ADo-ADi5,Ra/GT) 




15 


PF 


fc= 1 MHz 
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A.C. CHARACTERISTICS 



(MBL 8086: 
(MBL 8086-2: 
(MBL 8086-1: 



Vcc = 5V ± 10%, Ta = C to 70°C) 
Vcc = 5V ± 5%, Ta = 0°C to 70°C) 
Vcc = 5V ± 5%, Ta = 0°C to 70°C) 



MINIMUM COMPLEXITY SYSTEM 
TIMING REQUIREMENTS 



Symbol 


Parameter 


MBL 8086 


MBL 8086-2 


MBL 8086-1 
(Preliminary) 


Unit 


Test 
Conditions 


MIn. 


Max. 


Min. 


Max. 


Min. 


Max. 


TCLCL 


CLK Cycle Period 


200 


500 


125 


500 


100 


500 


ns 




TCLCH 


CLK Low Time 


118 




68 




53 




ns 


TCHCL 


CLK High Time 


69 




44 




39 




ns 


TCH1CH2 


CLK Rise Time 




10 




10 




10 


ns 


From 1.0V 
to 3.5V 


TCL2CL1 


CLK Fall Time 




10 




10 




10 


ns 


From 3.5V 
to 1 .OV 


TDVCL 


Data in Setup Time 


30 




20 




5 




ns 




TCLDX 


Data in Hold Time 


10 




10 




10 




ns 


TR1VCL 


RDY Setup Time 
into MBL 8284 A 
(See Notes 1,2) 


35 




35 




35 




ns 


TCLR1X 


RDY Hold Time 
into MBL 8284 A 
(See Notes 1,2) 

















ns 


TRYHCH 


READY Setup 
Time into 
MBL 8086 


118 




68 




53 




ns 


TCHRYX 


READY Hold Time 
into MBL 8086 


30 




20 




20 




ns 


TRYLCL 


READY Inactive to 
CLK (See Note 3) 


-8 




-8 




-10 




ns 


THVCH 


HOLD Setup Time 


35 




20 




20 




ns 


TINVCH 


INTR,NMI,TEST 
Setup Time (See 
Note 2) 


30 




15 




15 




ns 


TILIH 


Input Rise Time 
(Except CLK) 




20 




20 




20 


ns 


From 0.8V 
to 2.0V 


TIHIL 


Input Fall Time 
(Except CLK) 




12 




12 




12 


ns 


From 2.0V 
to 0.8V 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 



Symbol 


Parameter 


MBL 8086 


MBL 80862 


MBL 8086-1 
(Preliminary) 


Units 


Test 
Conditions 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


TCLAV 


Address Valid Delay 


10 


110 


10 


60 


10 


50 


ns 


Cl=20-100pF 
for all 
MBL 8086 
Outputs (in 
addition to 
MBL 8086 
self-load) 


TCLAX 


Address Hold Time 


10 




10 




10 




ns 


TCLAZ 


Address Float 
Delay 


TCLAX 


80 


TCLAX 


50 


10 


40 


ns 


TLHLL 


ALE Width 


TCLCH-20 




TCLCH-10 




TCLCH-10 




ns 


TCLLH 


ALE Active Delay 




80 




50 




40 


ns 


TCHLL 


ALE Inactive Delay 




85 




55 




45 


ns 


TLLAX 


Address Hold Time 
to ALE Inactive 


TCHCL-10 




TCHCL-10 




TCHCL-10 




ns 


TCLDV 


Data Valid Delay 


10 


110 


10 


60 


10 


50 


ns 


TCHDX 


Data Hold Time 


10 




10 




10 




ns 


TWHDX 


Data Hold Time 
After WR 


TCLCH-30 




TCLCH-30 




TCLCH-25 




ns 


TCVCTV 


Control Active 
Delay 1 


10 


110 


10 


70 


10 


50 


ns 


TCHCTV 


Control Active 
Delay 2 


10 


110 


10 


60 


10 


45 


ns 


TCVCTX 


Control Inactive 
Delay 


10 


110 


10 


70 


10 


50 


ns 


TAZRL 


Address Float to 
READ Active 

















ns 


TCLRL 


RD Active Delay 


10 


165 


10 


100 


10 


70 


ns 


TCLRH 


RD Inactive Delay 


10 


150 


10 


80 


10 


60 


ns 


TRHAV 


RD Inactive to Next 
Address Active 


TCLCL-45 




TCLCL-40 




TCLCL-35 




ns 


TCLHAV 


HLDA Valid Delay 


10 


160 


10 


100 


10 


60 


ns 


TRLRH 


RD Width 


2TCLCL-75 




2TCLCL-50 




2TCLCL-40 




ns 


TWLWH 


WR Width 


2TCLCL-60 




2TCLCL-40 




2TCLCH-35 




ns 


TAVAL 


Address Valid to 
ALE Low 


TCLCH-60 




rCLCH-40 




TCLCH-35 




ns 


TOLOH 


Output Rise Time 




20 




20 




20 


ns 


From 0.8V to 
2.0 V 


TOHOL 


Output Fall Time 




12 




12 




12 


ns 


From 2.0V to 
0.8V 



NOTES: 

1. Signal at MBL 8284A shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T2 state. (8 ns into T3). 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



-1.5— TEST POINTS— ^1.5 



0.45- 




A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR 
A LOGIC "1" AND 0.45V FOR A LOGIC "0" TIMING 
MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 
LOGIC "1" AND "0". 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



^ 



I" 



Cl= 100 dF 



Cl: includes JIG CAPACITANCE 



WAVEFORMS 



MINIMUM MODE 



CLK (MB 



M/IO 



BHE/S7,Ai9/S6-Ai6/S3 



RDY (MBL8284A Input) 
SEE NOTE 4 



READY (MBL 8086 Input) < 



READ CYCLE 

(NOTE 1)<( 

(WR,INTA = Voh) 



TCLAV 



TCLAV- 



)C£ 



/ 



T3 -r T^ 



■TLHLL-H 



\ 



TCHLL 



TCLDV 



X 



V|L 
TRYLCL- 



TLLAX 



X 



AD15-AD0 



L 8284A °-P;^'l/~]^/~^^_J^V_4 ^\_^^ 

VH— i^TCHCL " -TCLCH 

\ r-r\ 1 I I F^^ ^ 



-TR1VCL 



/ 



TRYHCH 
TCLAZ 
TCLAX 



/ 



\. 



TCHCTV TCLRL 




TCHDX 



DATA IN 



X 



/ 

/ 




c 
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WAVEFORMS (Continued) 



MINIMUM MODE (Continued) 



CLK (MBL8284A Output) 



BHE/S7, Aig/Sg-Aig/Sa 



-TCLCL" 



— TCLCL ^ -^ t^ ^ f— TCL2CL1 / 

VcH TCH1CH2[__J ,[__ 



T2 T3 T^ 

f— TCL2CL1 / 



WRITE CYCLE 

(N OTE 1 ) 

(RD, FnTa, 

DT/R = Voh) 



INTA CYCLE 
(NOTES 1 & 3) . 
(RD,WR = Vqh ] 
BHE = Vol) 



SOFTWA RE HA LT- 
RD,_WR, InTA = Vqh 
DT/R = INDETERMINATE 




DT/R 



SOFTWARE HALT 



TCLAV 



NOTES: 

1. ALL SIGNALS SWITCH BETWEEN Vqh AND Vql UNLESS OTHERWISE SPECIFIED. 

2. RDY IS SAMPLED NEAR THE END OF T2, T3, Tyv TO DETERMINE IF Tw MACHINES STATES ARE TO BE 
INSERTED. 

3. TWO I NTA cycles RUN BACK-TO-BACK. THE MBL 8086 LOCAL ADDR/DATA BUS IS FLOATING DURING 
BOTH TTsTTA cycles. CONTROL SIGNALS SHOWN FOR SECOND TNTA CYCLE. 

4. SIGNALS AT MBL8284A ARE SHOWN FOR REFERENCE ONLY. 

5. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 
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A.C. CHARACTERISTICS 

MAX MODE SYSTEM (USING MBL 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 



Symbol 


Parameter 


MBL 8086 


MBL 8086-2 


MBL 8086-1 
(Preliminary) 


Units 


Test 
Conditions 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


TCLCL 


CLK Cycle Period 


200 


500 


125 


500 


100 


500 


ns 




TCLCH 


CLK Low Time 


118 




68 




53 




ns 


TCHCL 


CLK High Time 


69 




44 




39 




ns 


TCH1CH2 


CLK Rise Time 




10 




10 




10 


ns 


From 1.0V to 
3.5V 


TCL2CL1 


CLK Fall Time 




10 




10 




10 


ns 


From 3.5V to 
1.0V 


TDVCL 


Data in Setup Time 


30 




20 




5 




ns 




TCLDX 


Data in Hold Time 


10 




10 




10 




ns 


TR1VCL 


RDY Setup Time 
into MBL 8284A 
(See Notes 1,2) 


35 




35 




35 




ns 


TCLRIX 


RDY Hold Time 
into MBL 8284A 
(See Notes 1,2) 

















ns 


TRYHCH 


READY Setup Time 
into MBL 8086 


118 




68 




53 




ns 


TCHRYX 


READY Hold Time 
into MBL 8086 


30 




20 




20 




ns 


TRYLCL 


READY Inactive to 
CLK (See Note 4) 


-8 




-8 




-10 




ns 


TINVCH 


Setup Time for 
Recognition (INTR, 
NMI,TEST) (See 
Note 2) 


30 




15 




15 




ns 


TGVCH 


RQ/GT Setup Time 


30 




15 




12 




ns 


TCHGX 


RQ Hold Time 
into MBL 8086 


40 




30 




20 




ns 


TILIH 


Input Rise Time 
(Except CLK) 




20 




20 




20 


ns 


From 0.8V to 
2.0V 


TIHIL 


Input Fall Time 
(Except CLK) 




12 




12 




12 


ns 


From 2.0V to 
0.8V 



NOTES: 

1. Signal at MBL 8284A or MBL 8288 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T3 and wait states. 

4. Applies only to T2 state (8 ns into T3). 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 



Symbol 


Parameter 


MBL 8086 


MBL 8086-2 


MBL 8086-1 
(Preliminary) 


Units 


Test 
Conditions 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


TCLML 


Command Active 
Delay (See Note 1 ) 


10 


35 


10 


35 


10 


35 


ns 


*Cl = 20-100pF 
for all 
MBL 8086 
Outputs (in 
addition to 
MBL 8086 
self-load) 


TCLMH 


Command Inactive 
Delay (See Note 1) 


10 


35 


10 


35 


10 


35 


ns 


TRYHSH 


READY Active to 
Status Passive 
(See Note 3) 




110 




65 




45 


ns 


TCHSV 


Status Active Delay 


10 


110 


10 


60 


10 


45 


ns 


TCLSH 


Status Inactive 
Delay 


10 


130 


10 


70 


10 


55 


ns 


TCLAV 


Address Valid 
Delay 


10 


110 


10 


60 


10 


50 


ns 


TCLAX 


Address Hold Time 


10 




10 




10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


TCLAX 


50 


10 


40 


ns 


TSVLH 


Status Valid to ALE 
High (See Note 1) 




15 




15 




15 


ns 


TSVMCH 


Status Valid to MCE 
High (See Note 1) 




15 




15 




15 


ns 


TCLLH 


CLK Low to ALE 
Valid (See Note 1) 




15 




15 




15 


ns 


TCLMCH 


CLK Low to MCE 
High (See Note 1) 




15 




15 




15 


ns 


TCHLL 


ALE Inactive Delay 
(See Note 1 ) 




15 




15 




15 


ns 


TCLMCL 


MCE Inactive Delay 
(See Note 1 ) 




15 




15 




15 


ns 


TCLDV 


Data Valid Delay 


10 


110 


- 10 


60 


10 


50 


ns 


TCHDX 


Data Hold Time 


10 




10 




10 




ns 


TCVNV 


Control Active 
Delay (See Note 1 ) 


5 


45 


5 


45 


5 


45 


ns 


TCVNX 


Control Inactive 
Delay (See Note 1 ) 


10 


45 


10 


45 


10 


45 


ns 


TAZRL 


Address Float to 
Read Active 

















ns 


TCLRL 


RD Active Delay 


10 


165 


10 


100 


10 


70 


ns 


TCLRH 


RD Inactive Delay 


10 


150 


10 


80 


10 


60 


ns 


TRHAV 


RD Inactive to 
Next Address Active 


TCLCL-45 




TCLCL-40 




TCLCL-35 




ns 


TCHDTL 


Direction Control 
Active Delay 
(See Note 1 ) 




50 




50 




50 


ns 


TCHDTH 


Direction Control 
Inactive Delay 
(See Note 1 ) 




30 




30 




30 


ns 


TCLGL 


GT Active Delay 





85 





50 





45 


ns 


TCLGH 


GT Inactive Delay 





85 





50 





45 


ns 


TRLRH 


RD Width 


2TCLCL-75 




2TCLCL-50 




2TCLCL-40 




ns 


TOLOH 


Output Rise Time 




20 




20 




20 


ns 


From 0.8V to 
2.0V 


TOHOL 


Output Fall Time 




12 




12 




12 


ns 


From 2.0V to 
0.8V 
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WAVEFORMS 



MAXIMUM MODE 



" TCLCL ^-p^..,-:^ K -i K-TCL2CL1 T^ 

TCLAV— K- TCHCL TCLCH 



$2, Si, So (EXCEPT HALT) 



\ 



TCLAV-^ 



BHE/S7, A19/S6-A16/S3 



SEE NOTE 5 



ALE (MBL 8288 
OUTPUT) 



TSVLH 
TCLLH-^ 



RDY (MBL8284A 
INPUT) 



READY (MBL 8086 INPUT) < 



READ CYCLE TCLAV- 

AD15-AD0 



x: 



Y BHE,A 



X 



/ 



DC 



\ 



TCLAX 



TR 



liC' 



-^ 



X 



t^TCLSH 



X 



x: 



MSEE NOTE 8) \ 



I 
TCHDX- 



S7-S3 



TRIVCL 



-TCLR1X 



TRYLCL 



^ ADis-ADq ) — . 



DT/R 



MBL 8288 
OUTPUTS <( 
SEE NOTES 5,6 



\ 



/ 



TRYHCH 
TCLAZ 



y 



\ 



m^m msmi 



TCHRYX 



-TDVCL- 



TCLRL 



MR DC OR 
lORC 



1 




TCLRH 



TCVNX- 



± 



/ 
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WAVEFORMS (Continued) 



MAXIMUM MODE (Continued) 



Cjn'^u~^'^^n^—/^^^r\ 



S2,Si,So (EXCEPT HALT) 



MBL 8288 OUTPUTS 



SEE NOTES S'e ^MWC OR AlOWC 



MWTC OR I owe 



AD15-AD0 FLOAT 

(SEE NOTES 3 & 4)" 



MBL 8288 OUTPUTS 
SEE NOTES 5,6 



SOFTWARE HALT 

(DEN = 

lOWC, 



^OL^ RD, MRDC, lORC, MWTC, AMWC, 
OOWC , TNTA 



= Voh) 

ADi 




X 



INVALID ADDRESS 



S2# S^, Sq 



v 



y 



NOTES: 

1. ALL SIGNALS SWITCH BETWEEN Vqh AND Vql UNLESS OTHERWISE SPECIFIED. 

2. RDY IS SAMPLED NEAR THE END OF T2, T3, T^ TO DETERMINE IF T^^ MACHINES STATES ARE TO BE INSERTED. 

3. CASCADE ADDRESS IS VALID BETWEEN FIRST AND SECOND INTA CYCLE. 

4. TWO TnTA CYCLES RUN BACK-TO-BACK. THE MBL 8086 LOCAL ADDR /DAT A BUS IS FLOATING DURING BOTH INTA 
CYCLES. CONTROL FOR POINTER ADDRESS IS SHOWN FOR SECOND INTA CYCLE. 

5. SIGNALS AT MBL8284A OR MBL 8288 ARE SHOWN FOR REFERENCE ONLY. 

6. THE ISSUANCE OF THE MBL 8288 COMMAND AND CONTROL SIGNALS (MRDC, MWTC, AMWC, fORC, lOWC, AlOWC, TnTA 
AND DEN) LAGS THE ACTIVE HIGH MBL 8288 CEN. 

7. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 

8. STATUS INACTIVE IN STATE JUST PRIOR TO T4. 
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MBL 8086-1 



WAVEFORMS (Continued) 



ASYNCHRONOUS SIGNAL RECOGNITION 



X 



-TINVCH (see note 1) 



CLK 

NMI 

INTR > signal 

TESTJ 

NOTE 1. SETUP REQUIREMENTS FOR ASYNCHRONOUS 
SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT CLK 



BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 



Any CLK Cycle 



^^^""^^^ 



\ 



Any CLK Cycle 



/ 



RESET TIMING 

[— >50 Msec 




>4 CLK CYCLES 



REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 

Any CLK Cycle 0-CLK Cycle 



CLK 
TCLGH 



,GHK-H — H ^TGVCH ^^ii,"- l^ 

(- TCLGL ^"TCHGX ^ -* K" 



RQ/GT 



^ V PULSE 1 /- \ 

5 r COPROCESSOR / > ^ 



PULS£2 
8086 GT 



Previous grant 
AD-15-ADo -— — 

Ai9^S6-Ai6/S3 

^2/ S-i, Sq 
RD, LOCK 
BHE/Sy 



-^ TCLCL-H 
-TCLGH 



r 



MBL 8086 



-TCLAZ 



XZ 



NOTE 1. THE COPROCESSOR MAY NOT DRIVE THE BUSES OUTSIDE 
THE REGION SHOWN WITHOUT RISKING CONTENTION. 



iv PULSE 3 y— 

\ coprocessor/ 

^ RELEASE / 



COPROCESSOR 



\ /me 

7— \80! 



MBL 
8086 



(SEE NOTE 1) 
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lillillllliilllilllllll MBL 8086-1 



HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 



AD15-AD0, 

Ai^g/Sg-Aig/Ss, 

RD, 

BHE/S7, M/IO, 

DT/R, WR, DEN 



> 1 CLK CYCLE 



1 OR 2 CYCLES 




I 
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TABLE 2 - INSTRUCTION SET SUMMARY* 



DATA TRANSFER 
MOV ° Move: 

Register/memory to/from register 
Immediate to register/memory 
Immediate to register 
Memory 



Register/memory to segment re 
Segment register to register/me 

PUSH = Push: 

Register/memory 

Segment register 



Register 
Segment register 

XCHG = Exchange: 

Register/memory wi 
Register with accum 

IN = Input from: 
OUT = Output to: 



LDS - Load pointer to DS 
LES = Load pointer to ES 
LAHF = Load AH with flags 
SAHF = Store AH into flags 
PUSHF = Push flags 
POPF = Pop flags 



ADC = Add with carry: 

Reg./memory with register to eil 
Immediate to register/memory 



76543210 7 654321076543210 

data I data if w=1 | 

data if w=T 




h 1 1 1 1 1 1 1 


mod 1 1 r/m | 






|0 reg 1 1 





11 1 



I 1 Imod r/m I 



[10 1 1 w|mod reg r/m | 


|1 1 reg 






|1 1 1 1 w| port 1 


h 1 1 1 1 w 






|1 1 1 1 1 w| _ port J 






110 10 111 


10 1 10 1 


mod reg r/m | 


11000101 


mod reg r/m | 


n 1 1 


mod reg r/m 1 




DEC = Decrement: 

Register/memory 



CMP = Compare: 

Register/memory and register 
Immediate with register/memory 
Immediate with accumulator 
AAS = ASCI I adjust for subtract 
DAS = Decimal adjust for subtract 
MUL=Multiply (unsigned) 
IMUL=lnteger multiply (signed) 
AAM=ASCII adjust for multiply 
DIV = Divide (unsigned) 
IDIV =lnteger divide (signed) 
AAD=ASCII adjust for divide 
CBW = Convert byte to word 
CWD =Convert word to double wor 



LOGIC 

NOT =lnvert 

SHL/SAL = Shift logical/arithmetic 

SHR = Shift logical right 

SAR = Shift arithmetic right 

ROL = Rotate left 

ROR =Rotate right 

RCL = Rotate through carry flag left 

RCR = Rotate through carry flag right 

AND = And: 

Reg./memory and register to either 
Immediate to register/memory 
Immediate to accumulator 

TEST = And function to flags, no resul 

Register/memory and register 

and register/memory 



76543210765432107 65432107654 



1 


11111 wlmod 1 


r/m 1 


o: 


1 reg | 




11110 11 wlmod 11 r/m 1 





iO 1 d w|mod reg r/m 




|1 wlmod 10 r/m 


data 1 dataifw=1 | 


10 1 1 w| data 


dataifw=1 1 



10 1 d w 






|1 00 OOw 


modOOl r/m 


data 1 dataifw=1 j 


10 1 1 w 




data if w=1 1 



AAA = ASCI I adjust I 
DAA = Decimal adjus 



SUB = Subtract: 



SBB = Subtract with borrow 

Reg./memory and register to either 
Immediate from register/memory 
Immediate from accumulator 



|0 1 1 d w 






modi 1 r/m | data | dataifs:w=01 \ 


|0 1 1 1 w 


data 1 dataifw=1 ] 



|0 1 1 d w 


mod reg r/m 




|l s w 


mod Oil r/m 


data 1 dataifs:w=01 | 




data 


dataifw^l 1 



STRING MANIPULATION 

REP = Repeat 

MOVS = Move byte/word 

CMPS = Compare byte/word 

SCAS = Scan byte/word 

LODS = Load byte/wd to AL/AX 

STOS - Store byte/wd from AL/A 



1 1 1 1 001 zl 


1 


1 w 


1 


00 1 1 w 


1 


1 1 1 w 


1 


1 1 w 


1 


1 1 w 



*Mnemonics © Intel Corporation, 1978 
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TABLE 2 - INSTRUCTION SET SUMMARY* 



CONTROL TRANSFER 
CALL = Call: 

Direct within segment 
Indirect within segment 
Direct intersegment 

Indirect intersegment 

JMP = Unconditional Jump: 

Direct within segment 
Direct within segment-short 
Indirect within segment 
Direct intersegment 



Indire 



: intersegment 



RET = Return from CALL: 

Within segment 

Within sag, adding immed, to SP 

Intersegment 

Intersegment, adding immediate 

JE/JZ = Jump on equal /zero 

JL/JNGE = Jump on less/not greater 

JLE/JNG = Jump on less or equa 

JB/JMAE = Jump on below/not 

above or equal 

JBE/JNA = Jump on below or 

equal /not above 

JP/JPE = Jump on parity/parity i 

JO = Jump on overflow 

JS = Jump on sign 

JNE/JNZ = Jump on not equal/n 



JNL/JGE = Jump o 






7 6 5 4 3 2 10 


6 5 4 3 2 1 


7 6 5 4 3 2 1 





1110 10 01 


disp-low 


1 disp-high 


1 


11111111 Imod 10 r/m i 


10 110 101 


offset-low 


1 offset-high 


1 



I seg-high | 

|1 1 1 1 1 1 1 1 |mod Oil r/m I 



1110 


1 


disp-low 


disp-high 1 


1110 


1 1 


disp 




11111111 


mod 1 r/m 




1110 


1 


offset-low ^ 


offset-high J 




seg-low 


seg-high | 


h 1 1 1 1 1 1 1 


mod 10 1 r/m 





I 1 0| 



SP 



/not 



I data-high | 



|1 1 1 1 1 




|1 1 1 1 data-low | data-high | 


(01110100 disp 1 




|0 1 1 1 1 1 0| disp 1 




|0 1 1 1 1 1 1 0| disp 1 




|0 1 1 1 1 0| disp 1 




|0 1 1 1 1 1 0| disp 1 




|0 1 1 1 1 1 


disp i 


|0 1 1 1 


disp 1 


[01111000 




|0 1 1 1 1 1 


disp 1 




|0 1 1 1 1 1 1| disp 1 




|0 1 1 1 1 1 1 1 1 disp 1 



JNB/JAE = Jump c 
above or equal 
JNBE/JA = Jump ( 
equal /above 
JNP/JPO= Jumpo 
JNO = Jump on no 
JNS = 



7654321 07654321 



n not below/ 

n not below or 

1 not par/par odd 
: overflow 






)t sign 



LOOP = Loop CX tim 
LOOPZ/LOOPE = Loop while 

LOOPNZ/LOOPNE = Loop whi 

JCXZ = Jump on CX zero 

INT= Interrupt 

Type specified 

Type 3 

INTO = Interrupt on overflow 

IRET = Interrupt return 

PROCESSOR CONTROL 

CLC= Clear carry 

CMC = Complement carry 

STC = Set carry 

OLD = Clear direction 

STD= Set direction 

CLI = Clear interrupt 

STI = Set interrupt 

HLT= Halt 

WAIT= Wait 

ESC= Escape (to external device 

LOCK = Bus lock prefix 

NOP= No operation 



1 


1 


1 





1 


1 


disp 1 




01 


1 


1 





1 1 


1 


disp 1 




01 


1 


1 


1 


1 


1 


disp 


01 


1 


1 





00 


1 


disp 


01 


1 


1 


1 


00 


1 


disp 


1 1 


1 








1 





disp 1 




1 1 


1 











1 


disp 1 






1 














disp 1 




11 


1 








1 


1 


disp 1 












1 


1 


1 


type 1 


1 1 








1 


1 







1 1 








1 


1 1 







1 1 








1 


1 1 


1 


















1 1 




1 


1 


00 







1 1 




1 





1 


1 




1 1 




1 


1 





T 








1 


1 


1 


6 




1 1 


1 


1 


1 


1 


1 




1 1 




1 


1 


1 







111110 11 




1 1 


1 


1 





1 







1 





1 


1 


1 






1 1 





1 


1 


X X 


X 


mod XXX r/m | 


1 1 


T- 


1 


0- 


00 


-on 




1 





1 














AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value 

Greater = more positive 

Less = less positive (more negative) signed values 

if d = 1 then "to" reg; if d = then "from" reg 

if w = 1 then word instruction; if w = then byte instruction 

if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP = 0*, disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 

if mod = 10 then DISP = disp-high: disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) -l- (Dl) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 

if r/m = 01 1 then EA = (BP) + (Dl) + DISP 

if r/m = 100 then EA = (SI) -H DISP 

if r/m = 101 then EA = (Dl) + DISP 

if r/m = 110 then EA = (BP) + DISP* 

if r/m = 111 then EA = (BX) -l-DISP 

DISP follows 2nd byte of instruction (before data if required) 



if s:w = 01 then 16 bits of immediate data form the operand, 
if s:w = 1 1 then an immediate data byte is sign extended to 

form the 16-bit operand, 
if V = then "count" = 1 ; if v = 1 then "count" in (CD 

z is used for string primitives for comparison with ZF FLAG 
SEGMENT OVERRIDE PREFIX 



|0 1 reg 1 1 0| 






3 is assigned according 


to the following table: 


16-Bit [w = 1] 


8-Bit [w = 0l 


Segmen 


000 AX 


000 AL 


00 ES 


001 CX 


001 CL 


01 CS 


010 DX 


010 DL 


10 SS 


Oil BX 


Oil BL 


11 DS 


100 SP 


100 AH 




101 BP 


101 CH 




110 SI 


110 DH 





111 



BH 



Instructions which reference the flag regisi 
the symbol FLAGS to represent the file: 



3 16-bit object use 
FLAGS = X:X:X:X:(OF):(DF):(IF):(TF):(SF);(ZF):X:(AF):X:(PF):X:(CF) 



*except if mod = 00 and r/m = 110 then EA = 



lisp-high: disf 



^Mnemonics © Intel Corporation, 1978 
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PACKAGE ILLUSTRATION 



CERAMIC PAKAGE 
(METAL SEAL) 




PACKAGE DIMENSIONS (Suffix: -C) 



40-LEAD CERAMIC (Metal Seal) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-40C-A01) 



R.050(1.27) 
REF. 



^^ 



INDEX 
AREA 



C: 



1.980(50.29) 



.585(14.86) 

.605(15.38) 

.590(14.99) 
.610(15.49) 



JA 



08(0.20)/ 



-.060(1. 52)MAX 



177(4.50)MAX 




1.900(48.26)REF 



Dimensions in 
inches (nnillimeters) 
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PACKAGE ILLUSTRATION 




PACKAGE DIMENSIONS (Suffix: -P) 



40-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-40P-M01) 



nnnrnnnnnnnr-ir-ir-ir-ir-innn n- 



/^(EJECTOR MARK) 



u u u u u 



uuuuuuuuu 



^r£ 




-.100{2.54)TYP. — ] 



I 015(0.38) 
'".021(0.53) 



0°~15° 



.533(13.54) 
.553(14.05) I 

.590(14.99) 
.610(15.49) 



.0 08(0.20) / 
.012(0.30) 



i 



.195(4.96)MAX 



.020(0.51 )MIN 
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MBL 80188 1 
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February 1986 
Edition 1.0 



NMOS HIGH-INTEGRATION 8-BIT MICROPROCESSOR 



The Fujitsu iVIBL 80188 is a highly integrated microprocessor with an 8-bit data bus interface ^'^ji^^-bit internal 
architecture to give high performance. The MBL 80188 effectively combines 15-20 of the most cdmi|ljili l\|BL 8088 
components onto one. The MBL 80188 provides two times greater throughput than the standard 5MR^||wyg^Q88. 
The MBL 8088 is upward compatible with MBL 8086 and 88 software and adds 10 new instruction typie/|l^" 
existing set. It is housed in a 68-pad ceramic LOG (Leadless Chip Carrier: JEDEC Type A) or 68-pin ceramic F 
(Pin Grid Array) package. 



ty 



Integrated Feature Set: 

— Enhanced MBL 8088-2 CPU 

— Clock Generator 

— 2 Independent, High-Speed DMA Channels 

— Programmable Interrupt Controller 

— 3 Programmable 16-bit Timers 

— Programmable Memory and Peripheral Chip-Select 
Logic 

— Programmable Wait State Generator 

— Local Bus Controller 

8-Bit Data Bus Interface: 16-bit internal architecture 
Available in 8 MHz (MBL 80188) and cost effective 
6 MHz (MBL 80188-6) versions. 



High-performance 8 MHz Processor 

- 2 Times the Performance of the Standard 
MBL 8088 

- 2 MByte/Sec Bus Bandwidth Interface 

Direct Addressing Capability to 1 MByte of Memory 
Completely Object Code Compatible with All Exist- 
ing MBL 8086, 88 Software 

- 10 New Instruction Types 

High Performance Numerical Coprocessing Capability 
Through Intel 8087 interface 
Two Package Options: 

- 68-Pad Ceramic LCC (Suffix -CV) 
(JEDEC Type A) 

- 68-Pin Ceramic PGA (Suffix -CR) 



Fig. 1 -BLOCK DIAGRAM 



rlDh 



INT3/INTA1 

INT2/INTA0 



EXECUTION 


unitI 


16-BIT 
ALU 




16-BIT 
GENERAL 
PURPOSE 
REGISTERS 





J[ 



PROGRAMMABLE 
INTERRUPT 
CONTROLLER 



IT 



^L^ 



CONTROL REGISTERS 



SRDY- 
ARDY- 
TEST- 
HOLD- 
HLDA-" 
RES- 
RESET- 



16-BIT 
SEGMENT 
REGISTERS 



4-BYTE 

PREFETCH 

QUEUE 



CHIP-SELECT 



PROGRAMMABLE 
CONTROL 
REGISTERS 



V 

ADO- A16/S3- 
AD7 A19/S6 



o 



SOURCE POINTERS 



20-BIT 

DESTINATION 

POINTERS 



TRANSFER COUNT 



Portions Reprinted by permission of Intel Corporation 
© Intel Corporation, 1982 
©FUJITSU LIMITED, 1986 
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TOP VIEW 



Fig. 2 -PIN CONFIGURATIONS 
68-PAD LCC 



BOTTOM VIEW 



<Q>-|i^|H 



JUUUUUUUUUUUUUUUL4 



zi 

Z] 



=] 
=] 

=1 

=3 
=1 
13 



innmnnnnnnnnnnnPK 



X 



PIN NO. 1 MARK 




JJUUUUUUUUUUUUUUUl^ 



c 

c 
c 
c 
cz 
c 
c 
c 
c 
c 



68-PIN PGA 



TOP VIEW 



->v. 



-INDEX- 



nnnnnnnnnnnnnnnrr 

ir)r^"?f<ocoincM^ O'- co o oj o^ t- co o 
^O^O^Q-:zQ Or: Q :; Q < Q < Q 



BOTTOM VIEW 



ucs 

LCS 

PCS6/A2 

PCS5 /A1 

PCS4 

PCS3 

PCS2 

PCS1 

Vss 
peso 

RES 

TMR OUT 1 

TMR OUTO 

TMR IN 1 

TMR IN 

DRQ1 

DRQO 



1 8o20^:^24o26o28o30o32q34q * 

1719 21 23 25 27 29 31 33 36^35 

o@ooooooo®o 
15 16^ 38^37 

o O / N o o 

13 14 40 39 

O O O O 

11 12 42 41 

~ O O O 

9 10 44 43 

O O O O 

7 8 46 45 

O O O o 

5 6 48 47 

O O O O 

3 4 50 49 

O O ^ ^ O O 

1 2 67 65 63 61 59 57 55 53 51 

O®OOOOO0O@O 



Je 



68 66 64 62 60 58 56 54 52 
OOOOOOOOO 
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PIN DESCRIPTION 
Table 1 - PIN DESCRIPTION 



Symbol 


Pin No. 


Type 


Name and Function 


Vcc^Vcc 


9,43 


1 


System Power: +5 V power supply. 


Vss^Vss 


26,60 


1 


System Ground. 


RESET 


57 





Reset Output indicates that the MBL 80188 CPU is being reset, and can 
be used as a system reset. It is active HIGH, synchronized with the pro- 
cessor clock, and lasts an integer number of clock periods corresponding 
to the length of the RES signal. 


XI, X2 


59,58 


1 


Crystal Inputs, XI and X2, provide an external connection for a funda- 
mental mode parallel resonant crystal for the internal crystal oscillator. 
XI can interface to an external clock instead of a crystal. In this case, 
minimize the capacitance on X2 or drive X2 with complemented XI. 
The input or oscillator frequency is internally divided by two to generate 
the clock signal (CLKOUT). 


CLKOUT 


56 





Clock Output provides the system with a 50% duty cycle waveform. All 
device pin timings are specified relative to CLKOUT. CLKOUT has suf- 
ficient MOS drive capabilities for the 8087 Numeric Processor Extension. 


RES 


24 


1 


System Reset causes the MBL 80188 to immediately terminate its pre- 
sent activity, clear the internal logic, and enter a dormant state. This 
signal may be asynchronous to the MBL 80188 clock. The MBL 80188 
begins fetching instructions approximately 7 clock cycles after RES is 
returned HIGH. RES is required to be LOW for greater than 4 clock 
cycles and is internally synchronized. For proper initialization, the LOW- 
to-HIGH transition of RES must occur no sooner than 50 microseconds 
after power up. This input is provided with a Schmitt-trigger to facilitate 
power-on RES generation via an RC network. When RES occurs, the 
MBL 80188 will drive the status lines to an inactive level for one clock, 
and then tri-state them. 


TEST 


47 


I 


TEST is examined by the WAIT instruction. If the TEST input is HIGH 
when "WAIT" execution begins, instruction execution will suspend. 
TEST will be resampled until it goes LOW, at which time execution will 
resume. If interrupts are enabled while the MBL 80188 is waiting for 
TEST, interrupts will be serviced. This input is synchronized internally. 


TMR INO, 
TMR IN 1 


20 

21 


1 
1 


Timer Inputs are used either as clock or control signals, depending upon 
the programmed timer mode. These inputs are active HIGH (or LOW-to- 
HIGH transitions are counted) and internally synchronized. 


TMR OUT 0, 
TMR 0UT1 


22 
23 






Timer Outputs are used to provide single pulse or continuous waveform 
generation, depending upon the timer mode selected. 


DRQO, 
DRQ1 


18 
19 


1 
1 


DMA Request is driven HIGH by an external device when it desires that a 
DMA channel (Channel or 1) perform a transfer. These signals are 
active HIGH, level-triggered, and internally synchronized. 


NMI 


46 


1 


Non-Maskable Interrupt is an edge-triggered input which causes a type 2 
interrupt. NMI is not maskable internally. A transition from a LOW to 
HIGH initiates the interrupt at the next instruction boundary. NMI is 
latched internally. An NMI duration of one clock or more will guarantee 
service. This input is internally synchronized. 


INTO, INT1, 

INT2/INTA0, 

INT3/INTA1 


45,44 
42 
41 


1 

I/O 
I/O 


Maskable Interrupt Requests can be requested by strobing one of these 
pins. When configured as inputs, these pins are active HIGH. Interrupt 
Requests are synchronized internally. INT2 and INT3 may be configured 
via software to provide active-LOW interrupt-acknowledge output signals. 
All interrupt inputs may be configured via software to be either edge- or 
level-triggered. To ensure recognition, all interrupt requests must remain 
active until the interrupt is acknowledged. When iRMX mode is selected, 
the function of these pins changes (see Interrupt Controller section of 
this data sheet). 
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PIN DESCRIPTION (Continued) 
Table 1 - PIN DESCRIPTION (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


A19/S6, 
A18/S5, 
A17/S4, 
A16/S3 


65-68 








Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the 
four most significant address bits during T1. These signals are active 
HIGH. During T2, T3, Tw and T4, status information is available on 
these lines as encoded below: 






Low 


High 




SB 


Processor Cycle 


DMA Cycle 


S3, S4, and S5 are defined as LOW during T2-T4. 


AD7-AD0 


2,4,6,8 
11,13,15,17 


I/O 


Address/Data Bus (0—7) signals constitute the time mutiplexed memory 
or I/O address (Tl) and data (T2, T3, Tw, and T4) bus. The bus is active 
HIGH. 


A15-A8 


1,3,5,7 
10,12,14,16 





Address-only Bus (8—15), containing valid address from Tl— T4. The bus 
is active HIGH. 


S7 


64 





This signal is always HIGH to indicate that the MBL 80188 has an 8-bit 
data bus, and is tri-state OFF during bus HOLD. 


ALE/QSO 


61 





Address Latch Enable/Queue Status is provided by the MBL 80188 to 
latch the address into the MBL 8282/8283 address latches. ALE is active 
HIGH. Addresses are guaranteed to be valid on the trailing edge of ALE. 
The ALE rising edge is generated off the rising edge of the CLKOUT 
immediately preceding Tl of the associated bus cycle, effectively one- 
half clock cycle earlier than in the standard MBL 801 88. The trailing edge 
is generated off the CLKOUT rising edge in Tl as in the MBL 80188. 
Note that ALE is never floated. 


WR/QS1 


63 







Write Strobe/Queue Status 1 indicates that the data on the bus is to be 
written into a memory or an I/O device. WR is active for T2, T3, and Tw 
of any write cycle. It is active LOW, and floats during "HOLD." It is 
driven HIGH for one clock during Reset, and then floated. When the 
MBL 80188 is in queue status mode, the ALE/QSO and WR/QS1 pins 
provide information about processor/instruction queue interaction. 






QS1 


QSO 


Queue Operation 






1 
1 



1 
1 



No queue operation 

First opcode byte fetched from the queue 
Subsequent byte fetched from the queue 
Empty the queue 


RD/QSMD 


62 





Read Strobe indicates that the MBL 80188 is performing a memory or 
I/O read cycle. RD is active LOW for T2, T3, and Tw of any read cycle. 
It is guaranteed not to go LOW in T2 until after the Address Bus is 
floated. RD is active LOW, and floats during "HOLD." RD is driven 
HIGH for one clock during Reset, and thenjthe output driver is floated. 
A weak internal pull-up mechanism on the RD line holds it HIGH when 
the line is not driven. During RESET the pin is sampled to determine 
whether the MBL 80188 should provide ALE, WR and RD, or if the 
Queue-Status should be provided. RD should be connected to GND to 
provide Queue-Status data. 


ARDY 


55 


1 


Asynchronous Ready informs the MBL 80188 that the addressed mem- 
ory space or I/O device will complete a data transfer. The ARDY input 
pin will accept an asynchronous input, and is active HIGH. Only the 
rising edge is internally synchronized by the MBL 80188. This means 
that the falling edge of ARDY must be synchronized to the MBL 80188 
clock. If connected to Vcc/no WAIT states are inserted. Asynchronous 
ready (ARDY) or synchronous ready (SRDY) must be active to ter- 
minate a bus cycle. If unused, this line should be tied low. 
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PIN DESCRIPTION (Continued) 
Table 1 - PIN DESCRIPTION (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


SRDY 


49 


1 


Synchronous Ready must be synchronized externally to the MBL 80188. 
The use of SRDY provides a relaxed system-timing specification on the 
Ready input. This accomplished by eliminating the one-half clock cycle 
which is required for internally resolving the signal level when using 
the ARDY input. This line is active HIGH. If this line is connected to 
Vcc/ no WAIT states are inserted. Asynchronous ready (ARDY) or 
synchronous ready (SRDY) must be active before a bus cycle is ter- 
minated. If unused, this line should be tied low. 


LOCK 


48 





LOCK output indicates that other system bus masters are not to gain 
control of the system bus while LOCK is active LOW. The LOCK signal 
is requested by the LOCK prefix instruction and is activated at the 
beginning of the first data cycle associated with the instruction following 
the LOCK prefix. It remains active until the completion of the instruc- 
tion following the LOCK prefix. No prefetches will occur while LOCK is 
asserted. LOCK is active LOW, is driven HIGH for one clock during 
RESET, and then floated. 


SO, S1,S2 


52-54 







Bus Cycle Status SO— S2 are encoded to provide bus-transaction inform- 
ation: 






MBL 80188 Bus Cycle Status Information 




S2 


SI 


SO 


Bus Cycle Initiated 






? 

1 
1 
1 




1 
1 



1 
1 




1 



1 



1 



1 


Interrupt Acknowledge 

Read I/O 

Write I/O 

Halt 

Instruction Fetch 

Read Data from Memory 

Write Data to Memory 

Passive (no bus cycle) 




The status pins float during "HOLD." 

S2 may be used as a logical M/IO indicator, and SI and a DT/R indicator 
The status lines are driven HIGH for one clock during Reset, and then 
floated until a bus cycle begins. 




HOLD, 
HLDA 


50 
51 


1 



HOLD indicates that another bus master is requesting the local bus. 
The HOLD input is active HIGH. HOLD may be asynchronous with 
respect to the MBL 80188 clock. The MBL 80188 will issue a HLDA 
in response to a HOLD request at the end of T4 or T1. Simultaneous 
with the issuance of HLDA, the MBL 80188 will float the local bus and 
control lines. After HOLD is detected as being LOW, the MBL 80188 
will lower HLDA. When the MBL 80188 needs to run another bus cycle, 
it will again drive the local bus and control lines. 


UCS 


34 





Upper Memory Chip Select is an active LOW output whenever a memory 
reference is made to the defined upper portion (IK— 256K block) of 
memory. This line is not floated during bus HOLD. The address range 
activating UCS is software programmable. 


LCS 


33 





Lower Memory Chip Select is active LOW whenever a memory reference 
is made to the defined lower portion (IK— 256K) of memory. This line 
is not floated during bus HOLD. The address range activating LCS is 
software programmable. 


MCSO-3 


38-35 







Mid-Range Memory Chip Select signals are active LOW when a memory 
reference is made to the defined mid-range portion of memory (8K— 
51 2K). These lines are not floated during bus HOLD. The address ranges 


activating MCSO— 3 are sof 


tware prograr 


nmable. 
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PIN DESCRIPTION (Continued) 
Table 1 - PIN DESCRIPTION (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


peso -4 


25, 27-30 





Peripheral Chip Select Signals 0-4 are active LOW when a reference is 
made to the defined peripheral area (64K byte I/O space). These lines are 
not floated during bus HOLD. The address ranges activating PCSO— 4 are 
software programmable. 


PCS5/A1 


31 





Peripheral Chip Select 5 or Latched A1 may be programmed to provide 
a sixth peripheral chip select, or to provide an internally latched A1 
signal. The address range activating PCS5 is software programmable. 
When programmed to provide latched A1, rather than PCS5, this pin 
will retain the previously latched value of A1 during a bus HOLD. A1 is 
active HIGH. 


PCS6/A2 


32 





Peripheral Chip Select 6 or Latched A2 may be programmed to provide 
a seventh peripheral chip select, or to provide an internally latched A2 
signal. The address range activating PCS6 is software programmable. 
When programmed to provide latched A2, rather than PCS6, this pin 
will retain the previously latched value of A2 during a bus HOLD. A2 
is active HIGH. 


DT/R 


40 





Data Transmit/Receive controls the direction of data flow through the 
external MBL 8286/8287 data bus transceiver. When LOW, data is trans- 
ferred to the MBL 80188. When HIGH, the MBL 80188 places write 
data bus. 


DEN 


39 





Data Enable is provided as an MBL 8286/8287 data bus transceiver 
output enable. DEN is active LOW during each memory and I/O access. 
DEN is HIGH whenever DT/R changes state. 
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FUNCTIONAL DESCRIPTION 

INTRODUCTION 

The following Functional Description describes the base 
architecture of the MBL 80188. This architecture is com- 
mon to the MBL 8086, 88, and 286 microprocessor families 
as well. The MBL 80188 is a very high integration 8-bit 
microprocessor. It combines 15-20 of the most common 
microprocessor system components onto one chip 
while providing twice the performance of the standard 
MBL 8088. The MBL 80188 is object code compatible 
with the MBL 8086, 88 microprocessors and adds 10 new 
instruction types to the existing MBL 8086, 88 instruction 
set. 



• Segment Registers 

Four 16-bit special purpose registers select, at any given 
time, the segments of memory that are immediately ad- 
dressable for code, stack, and data. (For usage, refer to 
Memory Organization.) 

• Base and Index Registers 

Four of the general purpose registers may also be used to 
determine offset addresses of operands in memory. These 
registers may contain base addresses or indexes to particular 
locations within a segment. The addressing mode selects 
the specific registers for operand and address calculations. 



MBL 80188 BASE ARCHITECTURE 

The MBL 8086, 88, 186, 188, and 286 family all contain 
the same basic set of registers, instructions and addressing 
modes. The MBL 80188 processor is upward compatible 
with the MBL 8086, 8088, 80186, and 80286 CPUs. 

Register Set 

The MBL 80188 base architecture has fourteen registers 
as shown in Fig. 3a and 3b. These registers are grouped 
into the following categories. 

• General Registers 

Eight 16-bit general purpose registers may be used to 
contain arithmetic and logical operands. Four of these 
(AX, BX, CX, and DX) can be used as 16-bit registers or 
split into pairs of separate 8-bit registers. 



• Status and Control Registers 

Two 16-bit special purpose registers record or alter certain 
aspects of the MBL 80188 processor state. These are the 
Instruction Pointer Register, which contains the offset 
address of the next sequential instruction to be executed, 
and the Status Word Register, which contains status and 
control flag bits (see Fig. 3a and 3b). 

Status Word Description 

The Status Word records specific characteristics of the 
result of logical and arithmetic instructions (bits 0, 2, 4, 
6, 7, and 1 1 ) and controls the operation of the MBL 80188 
within a given operating mode (bits 8, 9, and 10). The 
Status Word Register is 16-bits wide. The function of the 
Status Word bits is shown in Table 2. 



16-BIT 

REGISTER 

NAME 



BYTE 

ADDRESSABLE 
(8-BIT . 

REGISTER ^ 

NAMES 
SHOWN) 





7 


07 





AX 


AH 


AL 


DX 


DH 


DL 


CX 


CH 


CL 


BX 


BH 


BL 


BP 




SI 




Dl 




SP 





Fig. 3a - GENERAL PURPOSE REGISTER SET 



SPECIAL 

REGISTER 

FUNCTIONS 



MULTIPLY/DIVIDE 
I/O INSTRUCTIONS 



LOOP/SHIFT/ 
REPEAT/COUNT 



BASE REGISTERS 



INDEX REGISTERS 



STACK POINTER 



GENERAL 
REGISTERS 



cs 




DS 




SS 




ES 




1 


SEGMENT REGISTERS 
5 


F 




IP 





CODE SEGMENT 
SELECTOR 
DATA SEGMENT 
SELECTOR 
STACK SEGMENT 
SELECTOR 
EXTRA SEGMENT 
SELECTOR 



STATUS WORD 

INSTRUCTION 
POINTER 



STATUS AND CONTROL 
REGISTERS 
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Fig. 3b - STATUS WORD FORMAT 



STATUS FLAGS: 

CARRY - 

PARITY - 

AUXILIARY CARRY - 

ZERO - 

SIGN - 

OVERFLOW - 



15 14 13 12 



STATUS WORD: 



Kwmmmv^oVi^T ^ 



rii 



mi -^ m 



:m: 



CONTROL FLAGS: 
-TRAP FLAG 

- INTERRUPT ENABLE 

- DIRECTION FLAG 



F\W1"^ 



Table 2 - STATUS WORD BIT FUNCTIONS 



Bit 
Position 


Name 


Function 





CF 


Carry Flag — Set on high-order bit 
carry or borrow; cleared otherwise. 


2 


PF 


Parity Flag - Set if low-order 8 bits 
of result contain an even nunnber of 
1-bits; cleared otherwise. 


4 


AF 


Set on carry f ronn or borrow to the 
low order four bits of AL; cleared 
otherwise. 


6 


ZF 


Zero Flag — Set if result is zero; 
cleared otherwise. 


7 


SF 


Sign Flag — Set equal to high-order 
bit of result (0 if positive, 1 if nega- 
tive). 


8 


TF 


Single Step Flag - Once set, a sin- 
gle step interrupt occurs after the 
next instruction executes. TF is 
cleared by the single step interrupt. 


9 


IF 


Interrupt-Enable Flag — When set, 
maskable interrupts will cause the 
CPU to transfer control to an inter- 
rupt vector specified location. 


10 


DF 


Direction Flag — Causes string 
instructions to auto decrement the 
appropriate index register when set. 
Clearing DF causes auto increment. 


11 


OF 


Overflow Flag ~ Set if the signed 
result cannot be expressed" within 
the number of bits in the destina- 
tion operand; cleared otherwise. 



Instruction Set 

The instruction set is divided into seven categories: data 
transfer, arithmetic, shift/rotate/logical, string manipula- 
tion, control transfer, high-level instructions, and processor 
control. These categories are summarized in Fig. 4. 



An MBL 80188 instruction can reference anywhere from 
zero to several operands. An operand can reside in a 
register, in the instruction itself, or in memory. Specific 
operand addressing modes are discussed later in this data 
sheet. 



Memory Organization 

Memory is organized in sets of segments. Each segment 
is a linear contiguous sequence of up to 64K (2^^) 8-bit 
bytes. Memory is addressed using a two-component address 
(a pointer) that consists of a 16-bit base segment and a 
16-bit offset. The 16-bit base values are contained in one 
of four internal segment registers (code, data, stack, extra). 
The physical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical address (see Fig. 5). This 
allows for a 1 MByte physical address size. 

All instructions that address operands in memory must 
specify the base segment and the 16-bit offset value. 
For speed and compact instruction encoding, the seg- 
ment register used for physical address generation is im- 
plied by the addressing mode used (see Table 3). These 
rules follow the way programs are written (see Fig. 6) 
as independent modules that require areas for code and 
data, a stack, and access to external data areas. 

Special segment override instruction prefixes allow the 
implicit segment register selection rules to be overriden for 
special cases. The stack, data, and extra segments may 
coincide for simple programs. 
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Fig. 4 - MBL 80188 INSTRUCTION SET 



GENERAL PURPOSE 


MOV 


Move byte or word 


PUSH 


Push word onto stack 


POP 


Pop word off stack 


PUSHA 


Push all registers on stack 


POPA 


Pop all registers from stack 


XCHG 


Exchange byte or word 


XLAT 


Translate byte 


INPUT/OUTPUT 


IN 


Input byte or word 


OUT 


Output byte or word 


ADDRESS OBJECT 


LEA 


Load effective address 


LDS 


Load pointer using DS 


LES 


Load pointer using ES 


FLAG TRANSFER 


LAHF 


Load AH register from flags 


SAHF 


Store AH register in flags 


PUSHF 


Push flags onto stack 


POPF 


Pop flags off stack 




ADDITION 


ADD 


Add byte or word 


ADC 


Add byte or word with carry 


INC 


Increment byte or word by 1 


AAA 


ASCII adjust for addition 


DAA 


Decimal adjust for addition 


SUBTRACTION 


SUB 


Subtract byte or word 


SBB 


Subtract byte or word with borrow 


DEC 


Decrement byte or word by 1 


NEG 


Negate byte or word 


CMP 


Compare byte or word 


AAS 


ASCII adjust for subtraction 


DAS 


Decimal adjust for subtraction 


MULTIPLICATION 


MUL 


Multiply byte or word unsigned 


IMUL 


Integer multiply byte or word 


AAM 


ASCII adjust for multiply 


DIVISION 


DIV 


Divide byte or word unsigned 


IDIV 


Integer divide byte or word 


AAD 


ASCII adjust for division 


CBW 


Convert byte to word 


CWD 


Convert word to doubleword 



MOVS 


Move byte or word string 


INS 


Input bytes or word string 


OUTS 


Output bytes or word string 


CM PS 


Compare byte or word string 


SCAS 


Scan byte or word string 


LODS 


Load byte or word string 


STOS 


Store byte or word string 


REP 


Repeat 


REPE/REPZ 


Repeat while equal/zero 


REPNE/REPNZ 


Repeat while not equal/not zero 




LOGICALS 


NOT 


"Not" byte or word 


AND 


"And" byte or word 


OR 


"Inclusive or" byte or word 


XOR 


"Exclusive or" byte or word 


TEST 


"Test" byte or word 


SHIFTS 


SHL/SAL 


Shift logical/arithmetic left byte or word 


SHR 


Shift logical right byte or word 


SAR 


Shift arithmetic right byte or word 


ROTATES 


ROL 


Rotate left byte or word 


ROR 


Rotate right byte or word 


RCL 


Rotate through carry left byte or word 


RCR 


Rotate through carry right byte or word 




FLAG OPERATIONS 


STC 


Set carry flag 


CLC 


Clear carry flag 


CMC 


Complement carry flag 


STD 


Set direction flag 


CLD 


Clear direction flag 


STI 


Set interrupt enable flag 


CLI 


Clear interrupt enable flag 


EXTERNAL SYNCHRONIZATION 


HLT 


Halt until interrupt or reset 


WAIT 


Wait for TEST pin active 


ESC 


Escape to extension processor 


LOCK 


Lock bus during next instruction 


NO OPERATION 


NOP 1 No operation 


HIGH LEVEL INSTRUCTIONS 


ENTER 


Format stack for procedure entry 


LEAVE 


Restore stack for procedure exit 


BOUND 


Detects values outside prescribed range 
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Fig. 4 - MBL 80188 INSTRUCTION SET (continued) 



CONDITIONAL TRANSFERS 


JA/JNBE 


Jump if above/not below nor equal 


JAE/JNB 


Jump if above or equal/not below 


JB/JNAE 


Jump if below/not above nor equal 


JBE/JNA 


Jump if below or equal/not above 


JC 


Jump if carry 


JE/JZ 


Jump if equal/zero 


JG/JNLE 


Jump if greater/not less nor equal 


JGE/JNL 


Jump if greater or equal/not less 


JL/JNGE 


Jump if less/not greater nor equal 


JLE/JNG 


Jump if less or equal/not greater 


JNC 


Jump if not carry 


JNE/JNZ 


Jump if not equal/not zero 


JNO 


Jump if not overflow 


JNP/JPO 


Jump if not parity/parity odd 


JNS 


Jump if not sign 


JO 


Jump if overflow 


JP/JPE 


Jump if parity/parity even 


JS 


Jump if sign 



UNCONDITIONAL TRANSFERS 


CALL 


Call procedure 


RET 


Return from procedure 


JMP 


Jump 


ITERATION CONTROLS 


LOOP 


Loop 


LOOPE/LOOPZ 


Loop if equal/zero 


LOOPNE/LOOPNZ 


Loop if not equal/not zero 


JCXZ 


Jump if register CX = 


INTERRUPTS 


INT 


Interrupt 


INTO 


Interrupt if overflow 


IRET 


Interrupt return 



To access operands that do not reside in one of the four 
immediately available segments, a full 32-bit pointer can 
be used to reload both the base (segment) and offset values. 



Fig. 5 - TWO COMPONENT ADDRESS 



SHIFT LEFT 4 BITS 



SEGMENT ^ 
BASE 



.fo 



1 2 3 4 ;o 

T^° 



0022 



LOGICAL 
ADDRESS 



L'-L 



2 2 



1^ 



19 



12 3 6 2 

T~^o 

TO MEMORY 



PHYSICAL ADDRESS 



Table 3 -SEGMENT REGISTER SELECTION RULES 



Memory 

Reference 

Needed 


Segment 

Register 

Used 


Implicit Segment 
Selection Rule 


Instructions 
Stack 

External Data 
(Global) 

Local Data 


Code (CS) 
Stack (SS) 

Extra (ES) 

Data (DS) 


Instruction prefetch and imme- 
diate data. 

All stack pushes and pops; any 
memory references which use 
BP Register as a base register. 

All string instruction references 
which use the Dl register as an 
index. 

All other data references. 



Fig. 6 - SEGMENTED MEMORY HELPS 
STRUCTURE SOFTWARE 



MODULE A 



CODE 



PROCESS 
DATA 
BLOCK 2 



I I 

I J 

MEMORY 











CODE 








, 


L 








MODULE B 


DATA 








CODE 






r 
1 




DATA 














STACK 












PROCESS 






EXTRA 


STACK 












SEGMENT 






1 
1 




REGISTERS 












PROCESS 
DATA 
BLOCK 1 
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Addressing Modes 

The MBL 80188 provides eight categories of addressing 
modes to specify operands. Two addressing modes are 
provided for instructions that operate on register or im- 
mediate operands: 

• Register Operand Mode: The operand is located in one 
of the 8- or 16-bit general registers. 

• Immediate Operand l\/lode: The operand is included in 
the instruction. 

Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand address 
consists of two 16-bit components: a segment base and 
an offset. The segment base is supplied by a 16-bit seg- 
ment register either implicitly chosen by the addressing 
mode or explicitly chosen by a segment override prefix. 
The offset, also called the effective address, is calculated 
by summing any combination of the following three 
address elements: 

• the displacement (an 8- or 16-bit immediate value 
contained in the instruction); 

• the base (contents of either the BX or BP base registers); 
and 

• the index (contents of either the SI or Dl index regis- 
ters). 

Any carry out from the 16-bit addition is ignored. Eight-bit 
displacements are sign extended to 16-bit values. 

Combinations of these three address elements define the 
six memory addressing modes, described below. 

• Direct Mode: The operand's offset is contained in the 
i^nstruction as an 8- or 16-bit displacement element. 

• Register Indirect Mode: The operand's offset is in one 
of the registers SI, Dl, BX, or BP. 

• Based Mode: The operand's offset is the sum of an 
8- or 16-bit displacement and the contents of a base 
register (BX or BP). 

• Indexed Mode: The operand's offset is the sum of 
an 8- or 16-bit displacement and the contents of an 
index register (SI or Dl). 

• Based Indexed Mode: The operand's offset is the sum 
of the contents of a base register and an index register. 

• Based Indexed Mode with Displacement: The operand's 
offset is the sum of a base register's contents, an index 
register's contents, and an 8- or 16-bit displacement. 



Data Types 

The MBL 80188 directly supports the following data types: 



• Integer: A signed binary numeric value contained in 
an 8-bit byte or a 16-bit word. All operations assume a 
2's complement representation. Signed 32- and 64-bit 
integers are supported using the MBL 80188 and Intel 
8087 Numeric Data Processor. 

• Ordinal: An unsigned binary numeric value contained 
in an 8-bit byte or a 16-bit word. 

• Pointer: A 16- or 32-bit quantity, composed of a 16-bit 
offset component or a 16-bit segment base component 
in addition to a 16-bit offset component. 

• String: A contiguous sequence of bytes or words. A 
string may contain from 1 to 64K bytes. 

• ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of character 
representation. 

• BCD: A byte (unpacked) representation of the decimal 
digits 0-9. 

• Packed BCD: A byte (packed) representation of two 
decimal digits (0-9). One digit is stored in each nibble 
(4-bits) of the byte. 

• Floating Point: A signed 32-, 64-, or 80-bit real number 
representation. (Floating point operands are supported 
using the MBL 80188 and Intel 8087 Numeric Data 
Processor configuration). 

In general, individual data elements must fit within defined 
segment limits. Fig. 7 graphically represents the data types 
supported by the MBL 80188. 

I/O Space 

The I/O space consists of 64K 8-bit or 32K 16-bit ports. 
Separate instructions address the I/O space with either an 
8-bit port address, specified in the instruction, or a 16-bit 
port address in the DX register. 8-bit port addresses are 
zero extended such that A15-A8 are LOW. I/O port ad- 
dresses 00F8(H) through OOFF(H) are reserved. 

interrupts 

An interrupt transfers execution to a new program loca- 
tion. The old program address (CS:IP) and machine state 
(Status Word) are saved on the stack to allow resumption 
of the interrupted program. Interrupts fall into three 
classes: hardware initiated, INT instructions, and instruc- 
tion exceptions. Hardware initiated interrupts occur in 
response to an external input and are classified as non- 
maskable or maskable. 

Programs may cause an interrupt with an INT instruction. 
Instruction exceptions occur when an unusual condition, 
which prevents further instruction processing, is detected 
while attempting to execute an instruction. If the excep- 
tion was caused by executing an ESC instruction with the 
ESC trap bit set in the relocation register, the return in- 
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Fig. 7 - MBL 80188 SUPPORTED DATA TYPES 
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DATA PROCESSOR CONFIGURATION. 



struction will point to the ESC instruction, or to the seg- 
ment override prefix immediately preceding the ESC 
instruction if the prefix was present. In all other cases, the 
return address from an exception will point at the instruc- 
tion immediately following the instruction causing the 
exception. 

A table containing up to 256 pointers defines the proper 
interrupt service routine for each interrupt. Interrupts 
0-31, some of which are used for instruction exceptions, 
are reserved. Table 4 shows the MBL 80188 predefined 
types and default priority levels. For each interrupt, an 
8-bit vector must be supplied to the MBL 80188 which 
identifies the appropriate table entry. Exceptions supply 
the interrupt vector internally. In addition, internal pe- 
ripherals and non-cascaded external interrupts will generate 
their own vectors through the internal interrupt controller. 
INT instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware initiated 
interrupts supply the 8-bit vector to the CPU during an 
interrupt acknowledge bus sequence. Non-maskable hard- 
ware interrupts use a predefined internally supplied vector. 

Interrupt Sources 

The MBL 80188 can service interrupts generated by soft- 
ware or hardware. The software interrupts are generated 
by specific instructions (INT, ESC, unused OP, etc.) or the 
results of conditions specified by instructions (array bounds 
check, INTO, DIV, IDIV, etc.) All interrupt sources are 
serviced by an indirect call through an element of a vector 
table. This vector table is indexed by using the interrupt 
vector type (Table 4), multiplied by four. All hardware- 
generated interrupts are sampled at the end of each instruc- 
tion. Thus, the software interrupts will begin service first. 
Once the service routine is entered and interrupts are 
enabled, any hardware source of sufficient priority can 
interrupt the service routine in progress. 

The software generated MBL 80188 interrupts are de- 
scribed below. 

• Divide Error Exception (Type 0) 

Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the destina- 
tion. 

• Single-Step Interrupt (Type 1 ) 

Generated after most instructions if the TF flag is set. 
Interrupts will not be generated after prefix instructions 
(e.g., REP), instructions which modify segment registers 
(e.g., POP DS), or the WAIT instruction. 

• Non-Maskable Interrupt— NM I (Type 2) 

An external interrupt source which cannot be masked. 
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Table 4 -MBL 80188 INTERRUPT VECTORS 




Vector 


Default 


Related 


Interrupt Name 


Type 


Priority 


Instructions 


Divide Error 





*1 


DIV, IDIV 


Exception 








Single Step 


1 


12**2 


All 


Interrupt 








NMI 


2 




All 


Breakpoint 


3 


*1 


INT 


Interrupt 








INTO Detected 


4 


*1 


INTO 


Overflow 








Exception 








Array Bounds 


5 


*1 


BOUND 


Exception 








Unused-Opcode 


6 


*1 


Undefined 


Exception 






Opcodes 


ESC Opcode 


7 


*1*** 


ESC Opcodes 


Exception 








Tinner Interrupt 


8 


2A**** 




Tinner 1 Interrupt 


18 


2B**** 




Tinner 2 Interrupt 


19 


2C**** 




Reserved 


9 


3 




DMA Interrupt 


10 


4 




DMA 1 Interrupt 


11 


5 




INTO Interrupt 


12 


6 




INT1 Interrupt 


13 


7 




INT2 Interrupt 


14 


8 




INT3 Interrupt 


15 


9 





NOTES; 

*1. 



**2. 

**3. 



These are generated as the result of an instruction execu- 
tion. 

This is handled as in the MBL 8088. 

All three timers constitute one source of request to the 
interrupt controller. The Timer interrpts all have the same 
default priority level with respect to all other interrupt 
sources. However, they have a defined priority ordering 
amongst themselves. (Priority 2A is higher priority than 
2B.) Each Timer interrupt has a separate vector type 
number. 

Default priorities for the interrupt sources are used only if 
the user does not program each source into a unique 
priority level. 

An escape opcode will cause a trap only if the proper bit is 
set in the peripheral control block relocation register. 



• Breakpoint Interrupt (Type 3) 

A one-byte version of the INT instruction. It uses 12 as 
an index into the service routine address table (because 
it is a type 3 interrupt). 

• INTO Detected Overflow Exception (Type 4) 

Generated during an INTO instruction if the OF bit is set. 

• Array Bounds Exception (Type 5) 

Generated during a BOUND instruction if the array index 
is outside the array bounds. The array bounds are located 
in memory at a location indicated by one of the instruc- 
tion operands: The other operand indicates the value of 
the index to be checked. 

• Unused Opcode Exception (Type 6) 

Generated if execution is attempted on undefined opcodes. 



• Escape Opcode Exception (Type 7) 

Generated if execution is attempted of ESC opcodes (DBH- 
DFH). This exception will only be generated if a bit in the 
relocation register is set. The return address of this excep- 
tion will point to the ESC instruction causing the excep- 
tion. If a segment override prefix preceded the ESC instruc- 
tion, the return address will point to the segment override 
prefix. 

Hardware-generated interrupts are divided into two groups: 
maskable interrupts and non-maskable interrupts. The 
MBL 80188 provides maskable hardware interrupt request 
pins INT0-INT3. In addition, maskable interrupts may be 
generated by the MBL 80188 integrated DMA controller 
and the integrated timer unit. The vector types for these 
interrupts is shown in Table 4. Software enables these 
inputs by setting the interrupt flag bit (IF) in the Status 
Word. The interrupt controller is discussed in the peripheral 
section of this data sheet. 

Further maskable interrupts are disabled while servicing 
an interrupt because the IF bit is reset as part of the re- 
sponse to an interrupt or exception. The saved Status 
Word will reflect the enable status of the processor prior to 
the interrupt. The interrupt flag will remain zero unless 
specifically set. The interrupt return instruction restores 
the Status Word, thereby restoring the original status of IF 
bit. If the interrupt return re-enables interrupts, and 
another interrupt is pending, the MBL 80188 will immedi- 
ately service the highest-priority interrupt pending, i.e., 
no instructions of the main line program will be executed. 



Non-Maskable Interrupt Request (NMI) 

A non-maskable interrupt (NMI) is also provided. This 
interrupt is serviced regardless of the state of the IF bit. 
A typical use of NMI would be to activate a power failure 
routine. The activation of this input causes an interrupt 
with an internally supplied vector value of 2. No external 
interrupt acknowledge sequence is performed. The IF bit 
is cleared at the beginning of an NMI interrupt to prevent 
maskable interrupts from being serviced. 



Single-Step Interrupt 

The MBL 80188 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is called 
the single-step interrupt and is controlled by the single- 
step flag bit (TF) in the Status Word. Once this bit is set, 
an internal single-step interrupt will occur after the next 
instruction has been executed. The interrupt clears the TF 
bit and uses an internally supplied vector of 1. The I RET 
instruction is used to set the TF bit and transfer control 
to the next instruction to be single-stepped. 
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Initialization and Processor Reset 

Processor initialization or startup is accomplished by 
driving the RES input pin LOW. RES forces the 
MBL 80188 to terminate all execution and local bus 
activity. No instruction or bus activity will occur as 
long as RES is active. After RES becomes inactive and 
an internal processing interval elapses, the MBL 80188 
begins execution with the instruction at physical location 
FFFFO(H). RES also sets some registers to predefined 
values as shown in Table 5. 

Table 5 - MBL 80188 INITIAL REGISTER 
STATE AFTER RESET 



Status Word 


F002(H) 


Instruction Pointer 


0000(H) 


Code Segnnent 


FFFF(H) 


Data Segment 


0000(H) 


Extra Segment 


0000(H) 


Stack Segment 


0000(H) 


Relocation Register 


20FF(H) 


UMCS 


FFFB(H) 



THE MBL 80188 COMPARED TO THE MBL 80186 

The MBL 80188 CPU is an 8-bit processor designed around 
the MBL 80186 internal structure. Most internal func- 
tions of the MBL 80188 are identical to the equivalent 
MBL 80186 functions. The MBL 80188 handles the ex- 
ternal bus the same way the MBL 80186 does with the 
distinction of handling only 8 bits at a time. Sixteen bit 
operands are fetched or written in two consecutive bus 
cycles. Both processors will appear identical to the soft- 
ware engineer, with the exception of execution time. The 
internal register structure is identical and all instructions 
have the same end result. The differences between the 
MBL 80188 and MBL 80186 are outlined below. Internal- 
ly, there are three differences between the MBL 80188 
and the MBL 80186. All changes are related to the 8-bit 
bus interface. 

• The queue length is 4 bytes in the MBL 80188, whereas 
the MBL 80186 queue contains 6 bytes, or three words. 
The queue was shortened to prevent overuse of the 
bus by the BlU when prefetching instructions. This 
was required because of the additional time neces- 
sary to fetch instructions 8 bits at a time. 

• To further optimize the queue, the prefetching algo- 
rithm was changed. The MBL 80188 BlU will fetch a 
new instruction to load into the queue each time. There 
is a 1-byte hole (space available) in the queue. The 
MBL 80186 waits until a 2-byte space is available. 

• The internal execution time of the instruction is af- 
fected by the 8-bit interface. All 16-bit fetches and 
writes from/to mempry take an additional four clock 



cycles. The CPU may also be limited by the speed 
of instruction fetches when a series of simple opera- 
tions occur. When the more sophisticated instructions 
of the MBL 80188 are being used, the queue has time 
to fill and the execution proceeds as fast as the execu- 
tion unit will allow. 

The MBL 80188 and MBL 80186 are completely soft- 
ware compatible by virture of their identical execution 
units. Software that is system dependent may not be 
completely transferable,, but software that is not system 
dependent will operate equally well on an MBL 80188 or 
an MBL 80186. 

The hardware interface of the MBL 80188 contains the 
major differences between the two CPUs. The pin assign- 
ments are nearly identical, however, with the following 
functional changes. 

• A8-A15 — These pins are only address outputs on the 
MBL 80188. These address lines are latched internally 
and remain valid throughout a bus cycle in a manner 
similar to the 8085 upper address lines. 

• BHE has no meaning on the MBL 80188 and has been 
eliminated. 

MBL 80188 CLOCK GENERATOR 

The MBL 80188 provides an on-chip clock generator for 
both internal and external clock generation. The clock 
generator features a crystal oscillator, a divide-by-two 
counter, synchronous and asynchronous ready inputs, and 
reset circuitry. 

Oscillator 

The oscillator circuit of the MBL 80188 is designed to 
be used with a parallel resonant fundamental mode crystal. 
This is used as the time base for the MBL 80188. The 
crystal frequency selected will be double the CPU clock 
frequency. Use of an LC or RC circuit is not recommended 
with this oscillator. If an external oscillator is used, it can 
be connected directly to input pin XI in lieu of a crystal. 
The output of the oscillator is not directly available outside 
the MBL 80188. The recommended crystal configuration 
is shown in Fig. 8. 

The following parameters may be used for choosing a 
crystal: 

Temperature Range: to 70°C 

ESR (Equivalent Series Resistance): 3012 max 

CO (Shunt Capacitance of Crystal): 7.0 pF max 

CL (Load Capacitance): 20 pF ± 2 pF 

Drive Level: 1 mW max 
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Clock Generator 

The MBL 80188 clock generator provides the 50% duty 
cycle processor clock for the MBL 80188. It does this by 
dividing the oscillator output by 2 forming the symmetrical 
clock. If an external oscillator is used, the state of the clock 
generator will change on the falling edge of the oscillator 
signal. The CLKOUT pin provides the processor clock 
signal for use outside the MBL 80188. This may be used to 
drive other system components. All timings are referenced 
to the output clock. 

READY Synchronization 

The MBL 80188 provides both synchronous and asynchro- 
nous ready inputs. Asynchronous ready synchronization is 
accomplished by circuitry which samples ARDY in the 
middle of T2, T3 and again in the middle of each Tw until 
ARDY is sampled HIGH. One-half CLKOUT cycle of 
resolution time is used. Full synchronization is performed 
only on the rising edge of ARDY, i.e., the falling edge of 
ARDY must be synchronized to the CLKOUT signal if 
it will occur during T2, T3 or Tw. HIGH-to-LOW transi- 
tions of ARDY must be performed synchronously to the 
CPU clock. 

A second ready input (SRDY) is provided to interface with 
externally synchronized ready signals. This input is sampled 
at the end of T2, T3 and again at the end of each Tw 
until it is sampled HIGH. By using this input rather than 
the asynchronous ready input, the half-clock cycle resolu- 
tion time penalty is eliminated. 

This input must satisfy set-up and hold times to guarantee 
proper operation of the circuit. 

In addition, the MBL 80188, as part of the integrated 
chip-select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is discussed 
in the Chip Select/Ready Logic description. 



RESET Logic 

The MBL 80188 provides both a RES input pin and a 
synchronized RESET pin for use with other system com- 
ponents. The RES input pin on the MBL 80188 is provided 
with hysteresis in order to facilitate j3bwer-on Reset genera- 
tion via an RC network. RESET is guaranteed to remain 
active for at least five clocks given a RES input of at least 
six clocks. RESET may be delayed up to two and one-half 
clocks behind RES. 

Multiple MBL 80188 processors may be synchronized 
through the RES input pin, since this input resets both 
the processor and divide-by-two internal counter in the 
clock generator. In order to insure that the divide-by-two 
counters all begin counting at the same time, the active 
going edge of RES must satisfy a 25 ns setup time before 
the falling edge of the MBL 80188 clock input. In addition, 
in order to insure that all CPUs begin executing in the same 
clock cycle, the reset must satisfy a 25 ns setup time 
before the rising edge of the CLKOUT signal of all the 
processors. 

LOCAL BUS CONTROLLER 

The MBL 80188 provides a local bus controller to generate 
the local bus control signals. In addition, it employs a 
HOLD/HLDA protocol for relinquishing the local bus to 
other bus masters. It also provides control lines that can be 
used to enable external buffers and to direct the flow of 
data on and off the local bus. 



Memory/Peripheral Control 

The MBL 80188 provides ALE, RD, and WR bus control 
signals. The RD and WR signals are used to strobe data 
from memory to the MBL 80188 or to strobe data from 
the MBL 80188 to memory. The ALE line provides a 
strobe to address latches for the multiplexed address/ 
data bus. The MBL 80188 local bus controller does not 
provide a memory/I/O signal. If this is required, the user 
will have to use the S2 signal (which will require external 
latching), make the memory and I/O spaces nonoverlap- 
ping, or use only the integrated chip-select circuitry. 

Transceiver Control 

The MBL 80188 generates two control signals to be con- 
nected to MBL 8286/8287 transceiver chips. This capa- 
bility allows the addition of transceivers for extra buffer- 
ing without adding external logic. These control lines, 
DT/R and DEN, are generated to control the flow of data 
through the transceivers. The operation of these signals is 
shown in Table 6. 
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Table 6 -TRANSCEIVER CONTROL SIGNALS 
DESCRIPTION 



Pin Name 


Function 


DEN (Data Enable) 

DT/R (Data Transmit/ 
Receive) 


Enables the output drivers of the 
transceivers. It is active LOW during 
mennory, I/O, or INTA cycles. 

Determines the direction to travel 
through the transceivers. A HIGH 
level directs data away from the 
processor during write operations, 
while a LOW level directs data to- 
ward the processor during a read 
operation. 



entering Queue Status mode during reset. 

Drive S6-S2 to the passive state (all HIGH) and then 
float. 



Local Bus Arbitration 

The MBL 80188 uses a HOLD/HLDA system of local bus 
exchange. This provides an asynchronous bus exchange 
mechanism. This means multiple masters utilizing the 
same bus can operate at separate clock frequencies. The 
MBL 80188 provides a single HOLD/HLDA pair through 
which all other bus masters may gain control of the local 
bus. This requires external circuitry to arbitrate which 
external device will gain control of the bus from the 
MBL 80188 when there is more than one alternate local 
bus master. When the MBL 80188 relinquishes control 
of the local bus, it floats DEN,RD, WR, S0-S2, LOCK, 
AD0-AD15, A16-A19, 87, and DT/R to allow another 
master to drive these lines directly. 

The MBL 80188 HOLD latency time, i.e., the time be- 
tween HOLD request and HOLD acknowledge, is a function 
of the activity occurring in the processor when the HOLD 
request is received. A HOLD request is the highest-priority 
activity request which the processor may receive: higher 
than instruction fetching or internal DMA cycles. However, 
if a DMA cycle is in progress, the MBL 80188 will com- 
plete the transfer before relinquishing the bus. This implies 
that if a HOLD request is received just as a DMA transfer 
begins, the HOLD latency time can be as great as 4 bus 
cycles. This will occur if a DMA word transfer operation 
is taking place from an odd address to an odd address. This 
is a total of 16 clocks or more, if WAIT states are required. 
In addition, if locked transfers are performed, the HOLD 
latency time will be increased by the length of the locked 
transfer. 

Local Bus Controller and Reset 

Upon receipt of a RESET pulse from the RES input, the 
local bus controller will perform the following actions: 
• Drive DEN, RD, and WR HIGH for one clock cycle, then 
float. 

NOTE: RD is also provided with an internal pull-up 
device to prevent the processor from inadvertently 



Drive LOCK HIGH and then float. 
Tristate ADO-7, A8-19, 87, DT/R. 
Drive ALE LOW (ALE is never floated). 
Drive HLDA LOW. 



INTERNAL PERIPHERAL INTERFACE 

All the MBL 80188 integrated peripherals are controlled 
via 16-bit registers contained within an internal 256-byte 
control block. This control block may be mapped into 
either memory or I/O space. Internal logic will recognize 
the address and respond to the bus cycle. During bus 
cycles to internal registers, the bus controller will signal 
the operation externally (i.e., the RD, WR, status, address, 
data, etc., lines will be driven as in a normal bus cycle), 
but D7-0, SRDY, and ARDY will be ignored. The base 
address of the control block must be on an even 256-byte 
boundary (i.e., the lower 8 bits of the base address are all 
zeros). All of the defined registers within this control 
block may be read or written by the MBL 80188 CPU 
at any time. The location of any register contained within 
the 256-byte control block is determined by the current 
base address of the control block. 

The control block base address is programmed via a 16-bit 
relocation register contained within the control block at 
offset FEH from the base address of the control block 
(see Fig. 9). It provides the upper 12 bits of the base 
address of the control block. Note that mapping the 
control register block into an address range corresponding 
to a chip-select range is not recommended (the chip select 
circuitry is discussed later in this data sheet). In addition, 
bit 12 of this register determines whether the control block 
will be mapped into I/O or memory space. If this bit is 
1, the control block will be located in memory space, 
whereas if the bit is 0, the control block will be located in 
I/O space. If the control register block is mapped into I/O 
space, the upper 4 bits of the base address must be pro- 
grammed as (since I/O addresses are only 16 bits wide). 

Whenever mapping the MBL 80188 peripheral control 
block to another location, the programming of the reloca- 
tion register should be done with a byte write (i.e. OUT 
DX,AL). Any access to the control block is done 16 bits 
at a time. Thus, internally, the relocation register will get 
written with 16 bits of the AX register while externally, 
the BlU will run only one 8 bit bus cycle. If a word instruc- 
tion is used (i.e. OUT DX,AX), the relocation register 
will be written on the first bus cycle. The BlU will then 
run a second bus cycle which is unnecessary. The address 
of the second bus cycle will no longer be within the control 
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block (i.e. the control block was moved on the first cycle), 
and therefore, will require the generation of an external 
ready signal to complete the cycle. For this reason we re- 
commend byte operations to the relocation register. Byte 
instructions may also be used for the other registers in the 
control block and will eliminate half of the bus cycles 
required if a word operation had been specified. Byte 
operations are only valid on even addresses though, and are 
undefined on odd addresses. 

In addition to providing relocation information for the 
control block, the relocation register contains bits which 
place the interrupt controller into iRMX mode, and 
cause the CPU to interrupt upon encountering ESC instruc- 
tions. At RESET, the relocation register is set to 20FFH. 
This causes the control block to start at FFOOH in I/O 
space. An offset map of the 256-byte control register 
block is shown in Fig. 10. 

The integrated MBL 80188 peripherals operate semi- 
autonomously from the CPU. Access to them for the 
most part is via software read/write of the control and data 
locations in the control block. Most of these registers can 
be both read and written. A few dedicated lines, such as 
interrupts and DMA request provide real-time communica- 
tion between the CPU and peripherals as in a more con- 
ventional system utilizing discrete peripheral blocks. 
The overall interaction and function of the peripheral 
blocks has not substantially changed. The data access from/ 
to the 256-byte internal control block will always be 16-bit 
and done in one bus cycle. Externally the BlU will still 
run two bus cycles for each 16-bit operation. 



CHIP-SELECT/READY GENERATION LOGIC 

The MBL 80188 contains logic which provides program- 
mable chip-select generation for both memories and pe- 
ripherals. In addition, it can be programmed to provide 
READY (or WAIT state) generation. It can also provide 
latched address bits A1 and A2. The chip-select lines are 
active for all memory and I/O cycles in their programmed 
areas, whether they be generated by the CPU or by the 
integrated DMA unit. 



Memory Chip Selects 

The MBL 80188 provides 6 memory chip select outputs 
for 3 address areas: upper memory, lower memory, and 
midrange memory. One each is provided for upper memory 
and lower memory, while four are provided for midrange 
memory. 

The range for each chip se|ect is user-programmable and 
can be set to 2K, 4K, 8K, I^K, 32K, 64K, 128K (plus IK 
and 256K for upper and lower chip selects). In addition, 
the beginning or base address of the midrange memory chip 
select may also be selected. Only one chip select may be 
programmed to be active for any memory location at a 
time. All chip select sizes are in bytes. 





Fig. 10 - INTERNAL REGISTER MAP 




Relocation Register 


FEH 

DAH 
DOH 

CAM 
COM 

ASH 
AOH 

66H 
60H 
5EH 
58 H 
56H 
50H 
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DMA Descriptors Channel 1 




DMA Descriptors Channel 




Chip-Select Control Registers 




Tinner 2 Control Registers 


Timer 1 Control Registers 


Tinner Control Registers 




Interrupt Controller Registers 









• Upper Memory CS 

The MBL 80188 provides a chip select, called UCS, for the 
top of memory. The top of memory is usually used as the 
system memory because after reset the MBL 80188 begins 
executing at memory location FFFFOH. 





15 


Fig. 9 - RELOCATION REGISTER 
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OFFSET: FEH 


ET 


RMX 


X 


M/IO 


Relocation Address Bits R19-R8 






ET = 
M/IO = 
RMX = 


ESC Trap / No ESC Trap (1/0) 

Register block located in Mennory / I/O Space (1/0) 

Vlaster Interrupt Controller mode / iRMX compatible Interrupt Controller mode (0/1) 
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The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is programmable. 
By programming the lower limit, the size of the select 
block is also defined. Table 7 shows the relationship be- 
tween the base address selected and the size of the memory 
block obtained. 

Table7-UMCS PROGRAMMING VALUES 



ever, the LCS chip-select line will not become active until 
the LMCS register is accessed. 

Table 8 - LMCS PROGRAMMING VALUES 



Starting Address 
(Base Address) 


Memory 
Block Size 


UMCS Value 

(Assuming 

R0= R1 = R2 = 0) 


FFCOO 


IK 


FFF8H 


FF800 


2K 


FFB8H 


FFOOO 


4K 


FF38H 


FEOOO 


8K 


FE38H 


FCOOO 


16K 


FC38H 


F8000 


32K 


F838H 


FOOOO 


64K 


F038H 


EOOOO 


128K 


E038H 


COOOO 


256K 


C038H 



The lower limit of this memory block is defined in the 
UMCS register (see Fig. 1 1 ). This register is at offset AOH in 
the internal control block. The legal values for bits 6-13 
and the resulting starting address and memory block sizes 
are given in Table 7. Any combination of bits 6-13 not 
shown in Table 7 will result in undefined operation. After 
reset, the UMCS register is programmed for a IK area. It 
must be reprogrammed if a larger upper memory area is 
desired. 

Any internally generated 20-bit address whose upper 16 
bits are greater than or equal to UMCS (with bits 0-5 "0") 
will cause UCS to be activated. UMCS bits R2-R0are used 
to specify READY mode for the area of memory defined 
by this chip-select register, as explained below. 



• Lower Memory CS 

The MBL 80188 provides a chip select for low memory 
called LCS. The bottom of memory contains the inter- 
rupt vector table, starting at location OOOOOH. 

The lower limit of memory defined by this chip select is 
always OH, while the upper limit is programmable. By 
programming the upper limit, the size of the memory 
block is also defined. Table 8 shows the relationship be- 
tween the upper address selected and the size of the 
memory block obtained. 

The upper limit of this memory block is defined in the 
LMCS register (see Fig. 12). This register is at offset A2H 
in the internal control block. The legal values for bits 
6-15 and the resulting upper address and memory block 
sizes are given in Table 8. Any combination of bits 6-15 
not shown in Table 8 will result in undefined operation. 
After reset, the LMCS register value is undefined. How- 



Upper Address 


Memory 
Block Size 


LMCS Value 

(Assuming 

R0= R1 = R2 = 0) 


003FFH 


IK 


0038H 


007FFH 


2K 


0078H 


OOFFFH 


4K 


00F8H 


01FFFH 


8K 


01F8H 


03FFFH 


16K 


03F8H 


07FFFH 


32K 


07F8H 


OFFFFH 


64K 


0FF8H 


1FFFFH 


128K 


1FF8H 


3FFFFH 


256K 


3FF8H 



Any internally generated 20-bit address whose upper 
16 bits are less than or equal to LMCS (with bits 0-5 "1") 
will cause LCS to be active. LMCS register bits R2-R0 are 
used to specify the READY mode for the area of memory 
defined by this chip-select register. 

• Mid-Range Memory CS 

The MBL 80188 provides four MCS lines which are active 
within a user-locatable memory block. This block can be 
located anywhere within the MBL 80188 1M byte memory 
address space exclusive of the areas defined by UCS and 
LCS. Both the base address and size of this memory block 
are programmable. 

The size of the memory block defined by the mid-range 
select lines, as shown in Table 9, is determined by bits 
8-14 of the MPCS register (see Fig. 13). This register 
is at location ASH in the internal control block. One 
and only one of bits 8-14 must be set at a time. Unpre- 
dictable operation of the MCS lines will otherwise occur. 
Each of the four chip-select lines is active for one of the 
four equal contiguous divisions of the mid-range block. 
Thus, if the total block size is 32K, each chip select is 
active for 8K of memory with MCSO being active for the 
first range and MCS3 being active for the last range. 

The EX and MS in MPCS relate to peripheral functionality 
as described in a later section. 

Table 9 -MPCS PROGRAMMING VALUES 



Total Block 


Individual 


MPCS Bits 


Size 


Select Size 


14-8 


8K 


2K 


0000001 B 


16K 


4K 


000001 08 


32K 


8K 


00001008 


64K 


16K 


0001 OOOB 


128K 


32K 


0010000B 


256K 


64K 


0100000B 


512K 


128K 


1000000B 
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The base address of the mid-range memory block is defined 
by bits 15-9 of the MMCS register (see Fig. 14). This 
register is at offset A6H in the internal control block. 
These bits correspond to bits A19-A13 of the 20-bit 
memory address. Bits A12-A0 of the base address are 
always 0. The base address may be set at any integer 
multiple of the size of the total memory block selected. 
For example, if the mid-range block size is 32K (or the 
size of the block for which each MCS line is active is 8K), 
the block could be located at 10000H or 18000H, but not 
at 14000H, since the first few integer multiples of a 32K 
memory block are OH, 8000H, 10000H, 18000H, etc. After 
reset, the contents of both of these registers are undefined. 
However, none of the MCS lines will be active until both 
the MMCS and MPCS registers are accessed. 

MMCS bits R2-R0 specify READY mode of operation for 
all mid-range chip selects. All devices in mid-range memory 
must use the same number of WAIT states. 

The 51 2K block size for the mid-range memory chip 
selects is a special case. When using 512K, the base address 
would have to be at either locations OOOOOH or 80000H. 
If it were to be programmed at OOOOOH when the LCS line 



was programmed, there would be an internal conflict be- 
tween the LCS ready generation logic and the MCS ready 
generation logic. Likewise, if the base address were pro- 
grammed at 80000H, there would be a conflict with the 
DCS ready generation logic. Since the LCS chip-select line 
does not become active until programmed, while the UCS 
line is active at reset, the memory base can be set only at 
OOOOOH. If this base address is selected, however, the 
LCS range must not be programmed. 

Peripheral Chip Selects 

The MBL 80188 can generate chip selects for up to seven 
peripheral devices. These chip selects are active for seven 
contiguous blocks of 128 bytes above a programmable 
base address. This base address may be located in either 
memory or I/O space. 

Seven CS lines called PCSO-6 are generated by the 
MBL 80188. The base address is user-programmable; how- 
ever it can only be a multiple of IK bytes, i.e., the least 
significant 10 bits of the starting address are always 0. 

PCS5 and PCS6 can also be programmed to provide latched 
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Fig. 11 -UMCS REGISTER 
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Fig. 12 - LMCS REGISTER 

11 10 9 8 7 6 


5 


4 


3 


2 


1 













U 


U 


U 


u 


u 


u 


u 


U 


1 


1 


1 


R2 


R1 


RO 




A19 








All 

















OFFSET: 


ASH 


15 


14 


13 


12 


Fig. 13 -MPCS REGISTER 
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Fig. 14 -MMCS REGISTER 
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Fig. 15-PACS REGISTER 
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address bits A1, A2. If so programmed, they cannot be 
used as peripheral selects. These outputs can be connected 
directly to the AO, A1 pins used for selecting internal 
registers of 8-bit peripheral chips. This scheme simplifies 
the hardware interface because the 8-bit registers of pe- 
ripherals are simply treated as 16-bit registers located on 
even boundaries in I/O space or memory space where only 
the lower 8-bits of the register are significant: the upper 
8-bits are "don't cares." 

The starting address of the peripheral chip-select block is 
defined by the PACS register (see Fig. 15). This register is 
located at offset A4H in the internal control block. Bits 
15-6 of this register correspond to bits 19-10 of the 20-bit 
Programmable Base Address (PBA) of the peripheral chip- 
select block. Bits 9-0 of the PBA of the peripheral chip- 
select block are all zeros. If the chip-select block is located 
in I/O space, bits 12-15 must be programmed zero, since 
the I/O address is only 16 bits wide. Table 10 shows the 
address range of each peripheral chip select with respect 
to the PBA contained in PACS register. 

The user should program bits 15-6 to correspond to the 
desired peripheral base location. PACS bits 0-2 are used to 
specify READY mode for PCS0-PCS3. 

Table 10 - PCS ADDRESS RANGES 



PCS Line 


Active between Locations 


peso 

PCS1 
PCS2 
PCS3 
PCS4 
PCS5 
PCS6 


PBA - PBA+ 127 
PBA+ 128 - PBA + 255 
PBA + 256 - PBA + 383 
PBA + 384 - PBA + 511 
PBA + 512 - PBA + 639 
PBA + 640 - PBA + 767 
PBA + 768 - PBA + 895 



The mode of operation of the peripheral chip selects is 
defined by the MFCS register (which is also used to set 
the size of the mid-range memory chip-select block, see 
Fig. 16). This register is located at offset ASH in the 
internal control block. Bit 7 is used to select the function 
of PCS5 and PCS6, while bit 6 is used to select whether the 
peripheral chip selects are mapped into memory or I/O 
space. Table 11 describes the programming of these bits. 
After reset, the contents of both the MFCS and the PACS 
registers are undefined, however none of the PCS lines 
will be active until both of the MFCS and PACS registers 
are accessed. 



Table 11 - MS, EX PROGRAMMING VALUES 



MS 
EX 



Description 



1 = Peripherals mapped into memory space. 
= P eriph erals mapped into I/O space. 

= 5 PCS lines. A1, A2 provided. 

1 = 7 PCS lines. A1, A2 are not provided. 



MFCS bits 0-2 are used to specify READY mode for 
PCS4-PCS6 as outlined below. 

READY Generation Logic 

The MBL 80188 can generate a "READY" signal inter- 
nally for each of the memory or peripheral CS lines. The 
number of WAIT states to be inserted for each peripheral 
or memory is programmable to provide 0-3 wait states 
for all accesses to the area for which the chip select is 
active. In addition, the MBL 80188 may be programmed 
to either ignore external READY for each chip-select 
range individually or to factor external READY with the 
integrated ready generator. 

READY control consists of 3 bits for each CS line or 
group of lines generated by the MBL 80188. The inter- 
pretation of the ready bits is shown in Table 12. 

* Table 12- READY BITS PROGRAMMING 



R2 


R1 


RO 


Number of WAIT States Generated 











wait states, external RDY also 
used. 








1 


1 wait state inserted, external RDY 
also used. 





1 





2 wait states inserted, external RDY 
also used. 





1 


1 


3 wait states inserted, external RDY 
also used. 


1 








wait states, external RDY ignored. 


1 





1 


1 wait state inserted, external RDY 
ignored. 


1 
1 


1 
1 




1 


2 wait states inserted, external RDY 
ignored. 

3 wait states inserted, external RDY 
ignored. 



The internal ready generator operates in parallel with 
external READY, not in series if the external READY 
is used (R2 = 0). This means, for example, if the internal 
generator is set to insert two wait states, but activity 
on the external READY lines will insert four wait states. 
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the processor will only insert four wait states, not six. 
This is because the two wait states generated by the inter- 
nal generator overlapped the first two wait states generated 
by the external ready signal. Note that the external ARDY 
and SRDY lines are always ignored during cycles accessing 
internal peripherals. 

R2-R0 of each control word specifies the READY mode 
for the corresponding block, with the exception of the 
peripheral chip selects: R2-R0 of PACS set the PCSO-3 
READY mode, R2-R0 of MFCS set the PCS4-6 READY 
mode. 



Chip Select/Ready Logic and Reset 

Upon reset, the Chip-Select/Ready Logic will 
the following actions: 



perform 



• All chip-select outputs will be driven HIGH. 

• Upon leaving RESET, the UCS line will be programmed 
to provide chip selects to a 1 K block with the accom- 
panying READY control bits set at Oil to allow the 
maximum number of internal wait states in conjunction 
with external Ready consideration (i.e., UMCS resets 
toFFFBH). 

• No other chip select or READY control registers have 
any predefined values after RESET. They will not 
become active until the CPU accesses their control 
registers. Both the PACS and MPCS registers must be 
accessed before the PCS lines will become active. 

DMA CHANNELS 

The MBL 80188 DMA controller provides two independent 
high-speed DMA channels. Data transfers can occur be- 
tween memory and I/O spaces (e.g.. Memory to I/O) or 
within the same space (e.g.. Memory to Memory or I/O to 
I/O). Each DMA channel maintains both a 20-bit source 
and destination pointer which can be optionally incre- 
mented or decremented after each data transfer. Each data 
transfer consumes 2 bus cycles (a minimum of 8 clocks), 
one cycle to fetch data and the other to store data. This 
provides a maximum data transfer rate of one MByte/sec. 

DMA Operation 

Each channel has six registers in the control block which 
define each channel's specific operation. The control 



registers consist of a 20-bit Source Pointer (2 words), a 
20-bit Destination Pointer (2 words), a 16-bit Transfer 
Counter, and a 16-bit Control Word. The format of the 
DMA Control Blocks is shown in Table 13. The Transfer 
Count Register (TC) specifies the number of DMA transfers 
to be performed. Up to 64K byte transfers can be per- 
formed with automatic termination. The Control Word 
defines the channel's operation (see Fig. 18). All registers 
may be modified or altered during any DMA activity. Any 
changes made to these registers will be reflected immedi- 
ately in DMA operation. 

Table 13 - DMA CONTROL BLOCK FORMAT 



Register Name 


Register Address 


Ch.O 


Oh. 1 


Control Word 

Transfer Counter 

Destination Pointer (upper 4 bits) 

Destination Pointer 

Source Pointer (upper 4 bits) 

Source Pointer 


CAH 
C8H 
C6H 
C4H 
C2H 
COH 


DAH 
D8H 
D6H 
D4H 
D2H 
DOH 



DMA Channel Control Word Register 

Each DMA Channel Control Word determines the mode 
of operation for the particular MBL 80188 DMA channel. 
This register specifies: 

• the mode of synchronization; 

• whether interrupts will be generated after the last 
transfer; 

• whether DMA activity will cease after a programmed 
number of DMA cycles; 

• the relative priority of the DMA channel with respect 
to the other DMA channel; 

• whether the source pointer will be incremented, de- 
cremented, or maintained constant after each transfer; 

• whether the source pointer addresses memory or I/O 
space; 

• whether the destination pointer will be incremented, 
decremented, or maintained constant after each transfer; 
and 

• whether the destination pointer will address memory or 
I/O space. 

The DMA channel control registers may be changed while 
the channel is operating. However, any changes made 
during operation will affect the current DMA transfer. 



OFFSET: 
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15 


14 


13 
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Fig. 16 -MPCS REGISTER 
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Fig. 17 - DMA UNIT BLOCK DIAGRAM 
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Fig. 18 - DMA CONTROL REGISTER 
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M/ DESTINATION 
10 DEC INC 


M/ SOURCE* 
10 DEC INC 


TC 


INT 


SYN 


P 


T 
D 
R 
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X 


CHG/ 
NOCHG 


ST/ 
STOP 


X 






X= DON'T CARE. 






DMA Control Word Bit Descriptions 



ST/STOP: 



CHG/NOCHG: 



INT: 



TC: 



Start/Stop (1/0) Channel. 

Change/Do not change (1/0) ST/STOP 
bit. If this bit is set when writing to the 
control word, the ST/STOP bit will be 
programmed by the write to the control 
word. If this bit is cleared when writing 
the control word, the ST/STOP bit will 
not be altered. This bit is not stored; it 
will always be a on read. 

Enable Interrupts to CPU on byte count 
termination. 

If set, DMA will terminate when the 
contents of the Transfer Count register 
reach zero. The ST/STOP bit will also be 
reset at this point if TC is set. If this bit 
is cleared, the DMA unit will decrement 
the transfer count register for each DMA 



cycle, but the DMA transfer will not stop 
when the contents of the TC register 
reach zero. 



SYN: 
(2 bits) 



00 



01 
10 

11 



No synchronization. 
NOTE: The ST bit will be cleared 
automatically when the contents of 
the TC register reach zero regardless 
of the state of the TC bit. 
Source synchronization. 
Destination synchronization. 
Unused. 



SOURCE: INC 



Increment source pointer by 1 after each 
transfer. 

M/IO Source pointer is in M/IO space (1/0). 

DEC Decrement source pointer by 1 after 
each transfer. 
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DEST: INC Increment destination pointer by 1 after 
each transfer. 

M/IO Destination pointer is in M/IO space 
(1/0). 

DEC Decrement destination pointer by 1 after 
each transfer. 

P: Channel priority — relative to other chan- 

nel. 

0: low priority. 
1 : high priority. 

Channels will alternate cycles if both set 
at same priority level. 

TDRQ: 0: Disable DMA requests from timer 2. 

1: Enable DMA requests from timer 2. 

Bit 3: Bit 3 is not used. 

If both INC and DEC are specified for the same pointer, 
the pointer will remain constant after each cycle. 

DMA Destination and Source Pointer Registers 

Each DMA channel maintains a 20-bit source and a 20-bit 
destination pointer. Each of these pointers takes up two 
full 16-bit registers in the peripheral control block. The 
lower four bits of the upper register contain the upper 
four bits of the 20-bit physical address (see Fig. 18a). 
These pointers may be individually incremented or decre- 
mented after each transfer. Each pointer may point into 
either memory or I/O space. Since the DMA channels can 
perform transfers to or from odd addresses, there is no 
restriction on values for the pointer registers. 

DMA Transfer Count Register 

Each DMA channel maintains a 16-bit transfer count 
register (TC). This register is decremented after every DMA 
cycle, regardless of the state of the TC bit in the DMA 
Control Register. If the TC bit in the DMA control word 
is set or unsynchronized transfers are programmed, DMA 



activity will terminate when the transfer count register 
reaches zero. 

DMA Requests 

Data transfers may be either source or destination syn- 
chronized, that is either the source of the data or the 
destination of the data may request the data transfer. In 
addition, DMA transfers may be unsynchronized; that is, 
the transfer will take place continually until the correct 
number of transfers his occurred. When source or unsyn- 
chronized transfers are performed, the DMA channel may 
begin another transfer immediately after the end of a 
previous DMA transfer. This allows a complete transfer to 
take place every 2 bus cycles or eight clock cycles (assuming 
no wait states). No prefetching occurs when destination 
synchronization is performed, however. Data will not be 
fetched from the source address until the destination 
device signals that it is ready to receive it. When destination 
synchronized transfers are requested, the DMA controller 
will relinquish control of the bus after every transfer. If no 
other bus activity is initiated, another DMA cycle will 
begin after two processor clocks. This is done to allow the 
destination device time to remove its request if another 
transfer is not desired. Since the DMA controller will re- 
linquish the bus, the CPU can initiate a bus cycle. As a 
result, a complete bus cycle will often be inserted between 
destination synchronized transfers. These lead to the 
maximum DMA transfer rates shown in Table 14. 

Table 14 -MAXIMUM DMA TRANSFER RATES 



Type of 

Synchronization 

Selected 


CPU Running 


CPU Halted 


Unsynchronized 
Source Synch 
Destination Synch 


1 MBytes/sec 
1 MBytes/sec 
0.65MBytes/sec 


1M Bytes/sec 
1 MBytes/sec 
0.75M Bytes/sec 



DMA Acknowledge 

No explicit DMA acknowledge pulse is provided. Since both 
source and destination pointers are maintained, a read from 





Fig. 18a -DMA MEMORY POINTER REGISTER FORMAT 
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a requesting source, or a write to a requesting destination, 
should be used as the DIVIA acknowledge signal. Since the 
chip-select lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA pointers can 
be programmed to point to the same given block, a chip- 
select line could be used to indicate a DMA acknowledge. 



is operating. If the CHG/NOCHG bit is cleared when the 
control register is written, the ST/STOP bit of the control 
register will not be modified by the write. If multiple 
channel registers are modified, it is recommended that a 
LOCKED string transfer be used to prevent a DMA transfer 
from occurring between updates to the channel registers. 



DMA Priority 

The DMA channels may be programmed such that one 
channel is always given priority over the other, or they may 
be programmed such as to alternate cycles when both have 
DMA requests pending. DMA cycles always have priority 
over internal CPU cycles except between locked memory 
accesses or word accesses the odd memory locations; how- 
ever, an external bus hold takes priority over an internal 
DMA cycle. Because an interrupt request cannot suspend 
a DMA operation and the CPU cannot access memory 
during a DMA cycle, interrupt latency time will suffer 
during sequences of continuous DMA cycles. An NMI 
request, however, will cause all internal DMA activity to 
halt. This allows the CPU to quickly respond to the NMI 
request. 

DMA Programming 

DMA cycles will occur whenever the ST/STOP bit of the 
Control Register is set. If synchronized transfers are pro- 
grammed, a DRQ must also have been generated. There- 
fore, the source and destination transfer pointers, and the 
transfer count register (if used) must be programmed 
before this bit is set. 

Each DMA register may be modified while the channel 



DMA Channels and Reset 

Upon RESET, the DMA channels will perform the follow- 
ing actions: 

• The Start/Stop bit for each channel will be reset to 
STOP. 

• Any transfer in progress is aborted. 

TIMERS 

The MBL 80188 provides three internal 16-bit programma- 
ble timers (see Fig. 19). Two of these are highly flexible 
and are connected to four external pins (2 per timer). 
They can be used to count external events, time external 
events, generate nonrepetitive waveforms, etc. The third 
timer is not connected to any external pins, and is useful 
for real-time coding and time delay applications. In addi- 
tion, this third timer can be used as a prescaler to the other 
two, or as a DMA request source. 

Timer Operation 

The timers are controlled by 11 16-bit registers in the 
internal peripheral control block. The configuration of 
these registers is shown in Table 15. The count register 
contains the current value of the timer. It can be read or 
written at any time independent of whether the timer is 
running or not. The value of this register will be incre- 
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Fig. 19 - TIMER BLOCK DIAGRAM 
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mented for each timer event. Each of the timers is equipped 
with a MAX COUNT register, which defines the maximum 
count the timer will reach. After reaching the MAX 
COUNT register value, the timer count value will reset to 
zero during that same clock, i.e., the maximum count 
value is never stored in the count register itself. Timers 
and 1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alternate 
their count between two different MAX COUNT values 
programmed by the user. If a single MAX COUNT register 
is used, the timer output pin will switch LOW for a single 
clock, 2 clocks after the maximum count value has been 
reached. In the dual MAX COUNT register mode, the out- 
put pin will indicate which MAX COUNT register is cur- 
rently in use, thus allowing nearly complete freedom in 
selecting waveform duty cycles. For the timers with two 
MAX COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 

Each timer gets serviced every fourth CPU-clock cycle, 
and thus can operate at speeds up to one-quarter the 
internal clock frequency (one-eighth the crystal rate). 
External clocking of the timers may be done at up to a 
rate of one-quarter of the internal CPU-clock rate (2 MHz 
for an 8 MHz CPU clock). Due to internal synchronization 
and pipelining of the timer circuitry, a timer output may 
take up to 6 clocks to respond to any individual clock 
or gate input. Since the count registers and the maximum 
count registers are all 1 6 bits wide, 1 6 bits of resolution are 
provided. Any Read or Write access to the timers will add 
one wait state to the minimum four-clock bus cycle, how- 
ever. This is needed to synchronize and coordinate the 
internal data flows between the internal timers and the 
internal bus. 

The timers have several programmable options. 

• All three timers can be set to halt or continue on a 
terminal count. 

• Timers and 1 can select between internal and external 
clocks, alternate between MAX COUNT registers and 
be set to retrigger on external events. 

• The timers may be programmed to cause an interrupt 
on terminal count. 

These options are selectable via the timer mode/control 
word. 



Timer Mode/Control Register 

The mode/ control register (see Fig. 20) allows the user 
to program the specific mode of operation or check the 
current programmed status for any of the three integrated 
timers. 

Table 15 -TIMER CONTROL BLOCK FORMAT 



Register Name 


Register Offset 


Tmr. 


Tmr. 1 


Tmr. 2 


Mode/Control Word 
Max Count B 
Max Count A 
Count Register 


56H 
54 H 
52H 
BOH 


5EH 
5CH 
5AH 
58 H 


66 H 

not present 

62H 

60H 



ALT: 

The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, register 
A for that timer is always used, while if ALT = 1, the com- 
parison will alternate between register A and register B 
when each maximum count is reached. This alternation 
allows the user to change one MAX COUNT register while 
the other is being used, and thus provides a method of 
generating nonrepetitive waveforms. Square waves and 
pulse outputs of any duty cycle are a subset of available 
signals obtained by not changing the final count registers. 
The ALT bit also determines the function of the timer 
output pin. If ALT is zero, the output pin will go LOW 
for one clock, the clock after the maximum count is 
reached. If ALT is one, the output pin will reflect the 
current MAX COUNT register being used (0/1 for B/A). 

CONT: 

Setting the CONT bit causes the associated timer to run 
continuously, while resetting it causes the timer to halt 
upon maximum count. If CONT = and ALT = 1, the 
timer will count to the MAX COUNT register A value, 
reset, count to the register B value, reset, and halt. 

EXT: 

The external bit selects between internal and external 
clocking for the timer. The external signal may be asyn- 
chronous with respect to the MBL 80188 clock. If this 
bit is set, the timer will count LOW-to-HIGH transitions 
on the input pin. If cleared, it will count an internal clock 
while using the input pin for control. In this mode, the 
function of the external pin is defined by the RTG bit. 
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The maximum input to output transition latency time may 
be .as much as 6 clocks. However, clock inputs may be 
pipelined as closely together as every 4 clocks without 
losing clock pulses. 



The prescaler bit is ignored unless internal clocking has 
been selected (EXT = 0). If the P bit is a zero, the timer 
will count at one-fourth the internal CPU clock rate. If 
the P bit is a one, the output of timer 2 will be used as a 
clock for the timer. Note that the user must initialize and 
start timer 2 to obtain the prescaled clock. 

RTG: 

Retrigger bit is only active for internal clocking (EXT = 0). 
In this case it determines the control function provided by 
the input pin. 

If RTG = 0, the input level gates the internal clock on and 
off. If the input pin is HIGH, the timer will count; if the 
input pin is LOW, the timer will hold its value. As indicated 
previously, the input signal may be asynchronous with 
respect to the MBL 80188 clock. 

When RTG = 1, the input pin detects LOW-to-HIGH transi- 
tions. The first such transition starts the timer running, 
clearing the timer value to zero on the first clock, and then 
incrementing thereafter. Further transitions on the input 
pin will again reset the timer to zero, from which it will 
start counting up again. If CONT = 0, when the timer has 
reached maximum count, the EN bit will be cleared, in- 
hibiting further timer activity. 

EN: 

The enable bit provides programmer control over the 
timer's RUN/HALT status. When set, the timer is enabled 
to increment subject to the input pin constraints in the 
internal clock mode (discussed previously). When cleared, 
the timer will be inhibited from counting. All input pin 
transitions during the time EN is zero will be ignored. If 
CONT is zero, the EN bit is automatically cleared upon 
maximum count. 

INH: 

The inhibit bit allows for selective updating of the enable 
(EN) bit. If INH is a one during the write to the mode/ 
control word, then the state of the EN bit will be modified 
by the write. If INH is a zero during the write, the EN bit 
will be unaffected by the operation. This bit is not stored; 
it will always be a on a read. 

INT: 

When set, the INT bit enables interrupts from the timer, 
which will be generated on every terminal count. If the 



timer is configured in dual MAX COUNT register mode, 
an interrupt will be generated each time the value in MAX 
COUNT register A is reached, and each time the value in 
MAX COUNT register B is reached. If this enable bit is 
cleared after the interrupt request has been generated, 
but before a pending interrupt is serviced, the interrupt 
request will still be in force. (The request is latched in the 
Interrupt Controller.) 

MC: 

The Maximum Count bit is set whenever the timer reaches 
its final maximum count value. If the timer is configured 
in dual MAX COUNT register mode, this bit will be set 
each time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. This bit is set regardless of the timer's interrupt- 
enable bit. The MC bit gives the user the ability to monitor 
timer status through software instead of through interrupts. 
Programmer intervention is required to clear this bit. 

RIU: 

The Register In Use bit indicates which MAX COUNT 
register is currently being used for comparison to the timer 
count value. A zero value indicates register A. The RIU bit 
cannot be written, i.e., its value is not affected when the 
control register is written. It is always cleared when the 
ALT bit is zero. 

Not all mode bits are provided for timer 2. Certain bits 
are hardwired as indicated below: 

ALT = 0, EXT = 0, P = 0, RTG = 0, RIU = 

Count Registers 

Each of the three timers has a 16-bit count register. The 
current contents of this register may be read or written 
by the processor at any time. If the register is written into 
while the timer is counting, the new value will take effect in 
the current count cycle. 

Max Count Registers 

Timers and 1 have two MAX COUNT registers, while 
timer 2 has a single MAX COUNT register. These contain 
the number of events the timer will count. In timers and 
1, the MAX COUNT register used can alternate between 
the two max count values whenever the current maximum 
count is reached. The condition which causes a timer to 
reset is equivalent between the current count value and 
the max count being used. This means that if the count is 
changed to be above the max count value, or if the max 
count value is changed to be below the current value, the 
timer will not reset to zero, but rather will count to its 
maximum value, "wrap around" to zero, then count until 
the max count is reached. 
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Timers and Reset 

Upon RESET, the Timers will perform the following 
actions: 

• All EN (Enable) bits are reset preventing timer counting. 

• All SEL (Select) bits are reset to zero. This selects MAX 
COUNT register A, resulting in the Timer Out pins going 
HIGH upon RESET. 

INTERRUPT CONTROLLER 

The MBL 80188 can receive interrupts from a number of 
sources, both internal and external. The internal interrupt 
controller serves to merge these requests on a priority basis, 
for individual service by the CPU. 

Internal interrupt sources (Timers and DMA channels) 
can be disabled by their own control registers or by mask 
bits within the interrupt controller. The MBL 80188 inter- 
rupt controller has its own control registers that set the 
mode of operation for the controller. 

The interrupt controller will resolve priority among re- 
quests that are pending simultaneously. Nesting is provided 
so interrupt service routines for lower priority interrupts 
may themselves be interrupted by higher priority inter- 
rupts. A block diagram of the interrupt controller is shown 
in Fig. 21. 

The interrupt controller has a special iRMX 86 compati- 
bility mode that allows the use of the MBL 80188 within 



the iRMX 86 operating system interrupt structure. The 
controller is set in this mode by setting bit 14 in the 
peripheral control block relocation register (see iRMX 86 
Compatibility Mode section). In this mode, the internal 
MBL 80188 interrupt controller functions as a "slave" 
controller to an external "master" controller. Special 
initialization software must be included to properly set 
up the MBL 80188 interrupt controller in IRMX 86 mode. 



NON-iRMX MODE OPERATION 

Interrupt Controller External Interface 

For external interrupt sources, five dedicated pins are 
provided. One of these pins is dedicated to NMI, non- 
maskable interrupt. This is typically used for power-fail 
interrupts, etc. The other four pins may function either 
as four interrupt input lines with internally generated 
interrupt vectors, as an interrupt line and an interrupt 
acknowledge line (called the "cascade mode") along with 
two other input lines with internally generated interrupt 
vectors, or as two interrupt input lines and two dedicated 
interrupt acknowledge output lines. When the interrupt 
lines are configured in cascade mode, the MBL 80188 
interrupt controller will not generate internal interrupt 
vectors. 

External sources in the cascade mode use externally gene- 



Fig. 21 -INTERRUPT CONTROLLER BLOCK DIAGRAM 
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rated interrupt vectors. When an interrupt is acknowledged, 
two INTA cycles are initiated and the vector is read into 
the MBL 80188 on the second cycle. The capability to 
interface to external MBL8259A programmable interrupt 
controllers is thus provided when the inputs are configured 
in cascade mode. 

Interrupt Controller Modes of Operation 

The basic modes of operation of the interrupt controller 
in non-iRMX mode are similar to the MBL 8259 A. The 
interrupt controller responds identically to internal inter- 
rupts in all three modes: the difference is only in the inter- 
pretation of function of the four external interrupt pins. 
The interrupt controller is set into one of these three modes 
by programming the correct bits in the INTO and INT1 
control registers. The modes of interrupt controller opera- 
tion are as follows: 

• Fully Nested Mode 

When in the fully nested mode four pins are used as direct 
interrupt requests. The vectors for these four inputs are 
generated internally. An in-service bit is provided for every 
interrupt source. If a lower-priority device requests an 
interrupt while the in-service bit (IS) is set, no interrupt 
will be generated by the interrupt controller. In addition, 
if another interrupt request occurs from the same interrupt 
source while the in-service bit is set, no interrupt will be 
generated by the interrupt controller. This allows interrupt 
service routines to operate with interrupts enabled without 
being themselves interrupted by lower-priority interrupts. 
Since interrupts are enabled, higher-priority interrupts will 
be serviced. 

When a service routine is completed, the proper IS bit must 
be reset by writing the proper pattern to the EOl register. 
This is required to allow subsequent interrupts from this 
interrupt source and to allow servicing of lower-priority 
interrupts. An EOl command is issued at the end of the 
service routine just before the issuance of the return from 
interrupt instruction. If the fully nested structure has been 
upheld, the next highest-priority source with its IS bit set 
is then serviced. 

• Cascade Mode 

The MBL 80188 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the four 
pins are used as direct interrupt inputs and the correspond- 
ing vectors are generated internally. In the cascade mode, 
the four pins are configured into interrupt input-dedicated 
acknowledge signal pairs. The interconnection is shown 
in Fig. 22. INTO is an interrupt input interfaced to an 
MBL8259A, while INT2/INTA0 serves as the dedicated 
interrupt acknowledge signal to that peripheral. The same 
is true for INT1 and INT3/INTA1. Each pair can selectively 



be placed in the cascade or non-cascade mode by pro- 
gramming the proper value into INTO and INT1 control 
registers. The use of the dedicated acknowledge signals 
eliminates the need for the use of external logic to generate 
INTA and device select signals. 

The primary cascade mode allows the capability to serve 
up to 128 external interrupt sources through the use of 
external master and slave MBL8259As. Three levels of 
priority are created, requiring priority resolution in the 
MBL 80188 interrupt controller, the master MBL8259As, 
and the slave MBL8259As. If an external interrupt is 
serviced, one IS bit is set at each of these levels. When the 
interrupt service routine is completed, up to three end-of- 
interrupt commands must be issued by the programmer. 

• Special Fully Nested Mode 

This mode is entered by setting the SFNM bit in INTO or 
INT1 control register. It enables complete nestability with 
external MBL8259A masters. Normally, an interrupt 
request from an interrupt source will not be recognized 
unless the in-service bit for that source is reset. If more 
than one interrupt source is connected to an external 
interrupt controller, all of the interrupts will be tunneled 
through the same MBL 80188 interrupt request pin. As a 
result, if the external interrupt controller receives a higher- 
priority interrupt, its interrupt will not be recognized by 
the MBL 80188 controller until the MBL 80188 in-service 
bit is reset. In special fully nested mode, the MBL 80188 
interrupt controller will allow interrupts from an external 
pin regardless of the state of the in-service bit for an inter- 
rupt source in order to allow multiple interrupts from a 
single pin. An in-service bit will continue to be set, 
however, to inhibit interrupts from other lower-priority 
MBL 80188 interrupt sources. 

Special procedures should be followed when resetting IS 
bits at the end of interrupt service routines. Software 
polling of the external master's IS register is required to 
determine if there is more than one bit set. If so, the IS 
bit in the MBL 80188 remains active and the next interrupt 
service routine is entered. 

Operation in a Polled Environment 

The controller may be used in a polled mode if interrupts 
are undesirable. When polling, the processor disables inter- 
rupts and then polls the interrupt controller whenever it is 
convenient. Polling the interrupt controller is accomplished 
by reading the Poll Word (Fig. 31). Bit 15 in the poll word 
indicates to the processor that an interrupt of high enough 
priority is requesting service. Bits 0-4 indicate to the pro- 
cessor the type vector of the highest-priority source re- 
questing service. Reading the Poll Word causes the In- 
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Service bit of the highest-priority source to be set. 

It is desirable to be able to read the Poll Word information 
without guaranteeing service of any pending interrupt, 
i.e., not set the indicated in-service bit. The MBL 80188 
provides a Poll Status Word in addition to the conventional 
Poll Word to allow this to be done. Poll Word information 
is duplicated in the Poll Status Word, but reading the Poll 
Status Word does not set the associated in-service bit. These 
words are located in two adjacent memory locations in the 
register file. 

Non-1 RMX Mode Features 

• Programmable Priority 

The user can program the interrupt sources into any of 
eight different priority levels. The programming is done by 
placing a 3-bit priority level (0-7) in the control register of 
each interrupt source. (A source with a priority level of 4 
has higher priority over all priority levels from 5 to 7. 
Priority registers containing values lower than 4 have 
greater priority.) All interrupt sources have preprogrammed 
default priority levels (see Table 4). 

If two requests with the same programmed priority level 
are pending at once, the priority ordering scheme shown 
in Table 4 is used. If the serviced interrupt routine reen- 
ables interrupts, it allows other requests to be serviced. 

• End-of-lnterrupt Command 

The end-of-interrupt (EOl) command is used by the pro- 
grammer to reset the In-Service (IS) bit when an interrupt 
service routine is completed. The EOl command is issued 
by writing the proper pattern to the EOl register. There 
are two types of EOl commands, specific and nonspecific. 
The nonspecific command does not specify which IS bit 
is reset. When issued, the interrupt controller automatically 
resets the IS bit of the highest priority source with an 
active service routine. A specific EOl command requires 



that the programmer send the interrupt vector type to the 
interrupt controller indicating which source's IS bit is to 
be reset. This command is used when the fully nested struc- 
ture has been disturbed or the highest priority IS bit that 
was set does not belong to the service routine in progress. 

• Trigger Mode 

The four external interrupt pins can be programmed in 
either edge- or level-trigger mode. The control register for 
each external source has a level-trigger mode (LTM) bit. 
All interrupt inputs are active HIGH. In the edge sense 
mode or the level-trigger mode, the interrupt request must 
remain active (HIGH) until the interrupt request is ac- 
knowledged by the MBL 80188 CPU. In the edge-sense 
mode, if the level remains high after the interrupt is ac- 
knowledged, the input is disabled and no further requests 
will be generated. The input level must go LOW for at 
least one clock cycle to reenable the input. In the level- 
trigger mode, no such provision is made: holding the inter- 
rupt input HIGH will cause continuous interrupt requests. 

• Interrupt Vectoring 

The MBL 80188 Interrupt Controller will generate inter- 
rupt vectors for the integrated DMA channels and the 
integrated Timers. In addition, the Interrupt Controller 
will generate interrupt vectors for the external interrupt 
lines if they are not configured in Cascade or Special Fully 
Nested Mode. The interrupt vectors generated are fixed 
and cannot be changed (see Table 4). 



Interrupt Controller Registers 

The Interrupt Controller register model is shown in Fig. 23. 
It contains 15 registers. All registers can both be readier 
written unless specified otherwise. 

• In-Service Register 

This register can be read from or written into. The format 



Fig. 22 - CASCADE MODE INTERRUPT CONNECTION 
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Fig. 23 - INTERRUPT CONTROLLER 1 
(NON-iRMX86MODE) 
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INT3 CONTROL REGISTER 


INT2 CONTROL REGISTER 


INT1 CONTROL REGISTER 


INTO CONTROL REGISTER 
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POLL REGISTER 
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is shown in Fig. 24. It contains the In-Service bit for each 
of the interrupt sources. The In-Service bit is set to indicate 
that a source's service routine is in progress. When an In- 
Service bit is set, the interrupt controller will not generate 
interrupts to the CPU when it receives interrupt requests 
from devices with a lower programmed priority level. The 



TMR bit is the In-Service bit for all three timers; the DO 
and D1 bits are the In-Service bits for the two DMA chan- 
nels; the 10—13 are the In-Service bits for the external 
interrupt pins. The IS bit is set when the processor ac- 
knowledges an interrupt request either by an interrupt 
acknowledge or by reading the poll register. The IS bit is 
reset at the end of the interrupt service routine by an 
end-of-interrupt command issued by the CPU. 

• Interrupt Request Register 

The internal interrupt sources have interrupt request bits 
inside the interrupt controller. The format of this register 
is shown in Fig. 24. A read from this register yields the 
status of these bits. The TMR bit is the logical OR of all 
timer interrupt requests. DO and D1 are the interrupt 
request bits for the DMA channels. 

The state of the external interrupt input pins is also indi- 
cated. The state of the external interrupt pins is not a 
stored condition inside the interrupt controller, therefore 
the external interrupt bits cannot be written. The external 
interrupt request bits show exactly when an interrupt 
request is given to the interrupt controller, so if edge- 
triggered mode is selected, the bit in the register will be 
HIGH only after an inactive-to-active transition. For 
internal interrupt sources, the register bits are set when a 
request arrives and are reset when the processor acknowl- 
edges the requests. 

• Mask Register 

This is a 16-bit register that contains a mask bit for each 
interrupt source. The format for this register is shown in 



M 





Fig. 24 - IN-SERVICE, INTERRUPT REQUEST, AND MASK REGISTER FORMATS 
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Fig. 25 -PRIORITY MASK REGISTER FORMAT 
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Fig. 26 - INTERRUPT STATUS REGISTER FORMAT 
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Fig. 24. A one in a bit position corresponding to a parti- 
cular source serves to mask the source from generating 
interrupts. These mask bits are the exact same bits which 
are used in the individual control registers; programming 
a mask bit using the mask register will also change this bit 
in the individual control registers, and vice versa. 

• Priority Mask Register 

This register is used to mask all interrupts below particular 
interrupt priority levels. The format of this register is 
shown in Fig. 25. The code in the lower three bits of this 
register inhibits interrupts of priority lower (a higher 
priority number) than the code specified. For example, 
100 written into this register masks interrupts of level five 
(101), six (110), and seven (111). The register is reset to 
seven (111) upon RESET so all interrupts are unmasked. 

• Interrupt Status Register 

This register contains general interrupt controller status 
information. The format of this register is shown in Fig. 26. 
The bits in the status register have the following functions: 

DHLT: DMA Halt Transfer; setting this bit halts all 
DMA transfers. It is automatically set whenever 
a non-maskable interrupt occurs, and it is reset 
when an 1RET instruction is executed. The 
purpose of this bit is to allow prompt service 
of all non-maskable interrupts. This bit may 
also be set by the CPU. 

IRTx: These three bits represent the individual timer 

interrupt request bits. These bits are used to 
differentiate the timer interrupts, since the 
timer IR bit in the interrupt request register is 



the "OR" function of all timer interrupt re- 
quests. Note that setting any one of these three 
bits initiates an interrupt request to the inter- 
rupt controller. 

• Timer, DMA 0, 1 Control Registers 

These registers are the control words for all the internal 
interrupt sources. The format for these registers is shown 
in Fig. 27. The three bit positions PRO, PR1, and PR2 
represent the programmable priority level of the interrupt 
source. The MSK bit inhibits interrupt requests from the 
interrupt source. The MSK bits in the individual control 
registers are the exact same bits as are in the Mask Register; 
modifying them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 

• INT0-INT3 Control Registers 

These registers are the control words for the four external 
input pins. Fig. 28 shows the format of the INTO and INT1 
Control registers; Fig. 29 shows the format of the INT2 
and I NTS Control registers. In cascade mode or special fully 
nested mode, the control words for INT2 and INT3 are not 
used. 

The bits in the various control registers are encoded as 
follows: 

PRO-2: Priority programming information. Highest 
priority = 000, lowest priority = 111. 

LTM: Level-trigger mode bit. 1 = level-triggered; 

= edge-triggered. Interrupt Input levels are 
active high. In level -triggered mode, an inter- 
rupt is generated whenever the external line is 





Fig. 27 - TIMER/DMA CONTROL REGISTER FORMATS 
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Fig. 28 - INT0/INT1 CONTROL FORMATS 
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MSK: 

C: 

SFNM: 



high. In edge-triggered mode, an interrupt will 
be generated only when this level is preceded 
by an inactive-to-active transition on the line. 
In both cases, the level nnust remain active 
until the interrupt is acknowledged. 

Mask bit, 1 = mask; = nonmask. 

Cascade mode bit, 1 = cascade; = direct 

Special fully nested mode bit, 1 = SFNM 



• EOl Register 

The end of the interrupt register is a command register 
which can only be written into. The format of this register 
is shown in Fig. 30. It initiates an EOl command when 
written to by the MBL 80188 CPU. 

The bits in the EOl register are encoded as follows: 

Sx: Encoded information that specifies an interrupt 

source vector type as shown in Table 4. For 
example, to reset the In-Service bit for DMA 
channel 0, these bits should be set to 01010, 
since the vector type for DMA channel is 10. 
Note that to reset the single In-Service bit for 
any of the three timers, the vector type for 
timer (8) should be written in this register. 

NSPEC/: A bit that determines the type of EOl com- 
SPEC mand. Nonspecific = 1, Specific = 0. 

• Poll and Poll Status Registers 

These registers contain polling information. The format of 
these registers is shown in Fig. 31. They can only be read. 
Reading the Poll register constitutes a software poll. This 
will set the IS bit of the highest priority pending interrupt. 
Reading the poll status register will not set the IS bit of 
the highest priority pending interrupt; only the status of 
pending interrupts will be provided. 

Encoding of the Poll and Poll Status register bits are as 
follows: 



Sx: Encoded information that indicates the vector 

type of the highest priority interrupting source. 
Valid only when INTREQ= 1. 

INTREQ: This bit determines if an interrupt request is 
present. Interrupt Request = 1 ; no Interrupt 
Request = 0. 

Table 16 -INTERNAL SOURCE PRIORITY LEVEL 



Priority Level 


Interrupt Source 





Timer 


1 


(reserved) 


2 


DMAO 


3 


DMA 1 


4 


Timer 1 


5 


Timer 2 



iRMX 86 COMPATIBILITY MODE 

This mode allows iRMX 86-80188 compatibility. The 
interrupt model of iRMX 86 requires one master and 
multiple slave MBL8259As is cascaded fashion. When 
iRMX mode is used, the internal MBL 80188 interrupt 
controller will be used as a slave controller to an external 
master interrupt controller. The internal MBL 80188 re- 
sources will be monitored through the internal interrupt 
controller, while the external controller functions as the 
system master interrupt controller. 

Upon reset, the MBL 80188 interrupt controller will be 
in the non-iRMX 86 mode of operation. To set the con- 
troller in the iRMX 86 mode, bit 14 of the Relocation 
Register should be set. 

Because of pin limitations caused by the need to interface 
to an external MBL8259A master, the internal interrupt 
controller will no longer accept external inputs. There are 
however, enough MBL 80188 interrupt controller inputs 
(internally) to dedicate one to each timer. In this mode, 
each timer interrupt source has its own mask bit, IS bit. 





Fig. 30 -EOl REGISTER FORMAT 
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Fig. 31 -POLL REGISTER FORMAT 
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Fig. 32 - iRMX 86 INTERRUPT CONTROLLER INTERCONNECTION 
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the INTA input of an MBL 8259A. 



The iRMX 86 operating system requires peripherals to be 
assigned fixed priority levels. This is incompatible with 
the normal operation of the MBL 80188 interrupt con- 
troller. Therefore, the initialization software must program 
the proper priority levels for each source. The required 
priority levels for the internal interrupt sources in IRMX 
mode are shown in Table 16. 

These level assignments must remain fixed in the iRMX 
86 mode of operation. 

iRMX 86 Mode External Interface 

The configuration of the MBL 80188 with respect to an 
external MBL 8259A master is shown in Fig. 32. The INTO 
input is used as the MBL 80188 CPU interrupt input. 
INT3 functions as an output to send the MBL 80188 
slave-interrupt-request to one of the 8 master-PIC-inputs. 

Correct master-slave interface requires decoding of the 
slave addresses (CASO-2). Slave MBL8259As do this 
internally. Because of pin limitations, the MBL 80188 slave 
address will have to be decoded externally. INT1 is used 
as a slave-select input. Note that the slave vector address 
is transferred internally, but the READY input must be 
supplied externally. 

INT2 is used as an acknowledge output, suitable to drive 



Interrupt Nesting 

iRMX 86 mode operation allows nesting of interrupt re- 
quests. When an interrupt is acknowledged, the priority 
logic masks off all priority levels except those with equal 
or higher priority. 

Vector Generation in the iRMX 86 Mode 

Vector generation in iRMX mode is exactly like that of an 
MBL 8259A slave. The interrupt controller generates an 
8-bit vector which the CPU multiplies by four and uses 
as an address into a vector table. The significant five bits 
of the vector are user-programmable while the lower three 
bits are generated by the priority logic. These bits represent 
the encoding of the priority level requesting service. The 
significant five bits of the vector are programmed by 
writing to the Interrupt Vector register at offset 20H. 

Specific End-of-lnterrupt 

In iRMX mode the specific EOl command operates to reset 
an in-service bit of a specific priority. The user supplies a 
3-bit priority-level value that points to an in-service bit to 
be reset. The command is executed by writing the correct 
value in the Specific EOl register at offset 22H. 

Interrupt Controller Registers in the iRMX 86 Mode 

All control and command registers are located inside the 
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internal peripheral control block. Fig. 33 shows the offsets 
of these registers. 

• End-of-lnterrupt Register 

The end-of-interrupt register is a command register which 
can only be written. The format of this register is shown in 
Fig. 34. It initiates an EOl command when written by the 
MBL 80188 CPU. 

The bits in the EOl register are encoded as follows: 

Lx: Encoded value indicating the priority of the IS 

bit to be reset. 

• In-Service Register 

This register can be read from or written into. It contains 
the in-service bit for each of the internal interrupt sources. 
The format for this register is shown in Fig. 35. Bit posi- 
tions 2 and 3 correspond to the DMA channels; positions 
0, 4, and 5 correspond to the integral timers. The source's 
IS bit is set when the processor acknowledges its interrupt 
request. 

• Interrupt Request Register 

This register indicates which internal peripherals have inter- 
rupt requests pending. The format of this register is shown 
in Fig. 35. The interrupt request bits are set when a request 
arrives from an internal source, and are reset when the 
processor acknowledges the request. 

• Mask Register 

This register contains a mask bit for each interrupt source. 
The format for this register is shown in Fig. 35. If the bit 
in this register corresponding to a particular interrupt 
source is set, any interrupts from that source will be 
masked. These mask bit are exactly the same bits which 
are used in the individual control registers, i.e., changing 
the state of a mask bit in this register will also change the 
state of the mask bit in the individual interrupt control 
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33 - INTERRUPT CONTROLLER 
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register corresponding to the bit. 

• Control Registers 

These registers are the control words for all the internal 
interrupt sources. The format of these registers is shown 
in Fig. 36. Each of the timers and both of the DMA chan- 
nels have their own Control Register. 

The bits of the Control Registers are encoded as follows: 

PRx: 3-bit encoded field indicating a priority level 

for the source; not that each source must be 
programmed at specified levels. 

MSK: mask bit for the priority level indicated by PRx 

bits. 





Fig. 34 -SPECIFIC EOl REGISTER FORMAT 
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Fig. 35 - IN-SERVICE, INTERRUPT REQUEST, AND MASK REGISTER FORMATS 
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• interrupt Vector Register 

This register provides the upper five bits of the interrupt 
vector address. The format of this register is shown in 
Fig. 37. The interrupt controller itself provides the lower 
three bits of the interrupt vector as determined by the 
priority level of the interrupt request. 

The format of the bits in this register is: 

tx: 5-bit field indicating the upper five bits of the 

vector address. 

• Priority-Level Mask Register 

This register indicates the lowest priority-level interrupt 
which will be serviced. 



Interrupt Controller and Reset 

Upon RESET, the interrupt controller will perform the 
following actions: 

• All SFNM bits reset to 0, implying Fully Nested Mode. 

• All PR bits in the various control registers set to 1. This 
places all sources at lowest priority (level 111). 

• All LTM bits reset to 0, resulting in edge-sense mode. 

• All Interrupt Service bits reset to 0. 

• All Interrupt Request bits reset to 0. 

• All MSK (Interrupt Mask) bits set to 1 (mask). 

• All C (Cascade) bits reset to (non-cascade). 

• All PRM (Priority Mask) bits set to 1, implying no levels 
masked. 

• Initialized to non-iRMX 86 mode. 



The encoding of the bits in this register is: 

mx: 3-bit encoded field indication priority-level 

value. All levels of lower priority will be 
masked. 

• Interrupt Status Register 

This register is defined exactly as in non-iRMX mode 
(see Fig. 26). 





Fig. 36 - CONTROL WORD FORMAT 
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Fig. 37 -INTERRUPT VECTOR REGISTER FORMAT 
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Fig. 38 -PRIORITY LEVEL MASK REGISTER FORMAT 
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Fig. 39 - TYPICAL MBL 80188 COMPUTER 
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Fig. 40 - TYPICAL MBL 80188 MULTI-MASTER BUS INTERFACE 
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ABSOLUTE MAXIMUM RATINGS* *NOTE: 

Ambient Temperature under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin with 

Respect to Ground -1.0V to +7V 

Power Dissipation 3 Watt 

D.C. CHARACTERISTICS (Vcc = 5V ±10%, T^ = 0°to70°C) 
Applicable to MBL 80188 (8 MHz) and MBL 80188-6 (6 MHz) 



Permanent device damage may occur if ABSO- 
LUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the 
conditions as detailed in the operational sections 
of this data sheet. Exposure to absolute maxi- 
mum rating conditions for extended periods may 
affect device reliability. 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V,L 


Input Low Voltage 


-0.5 


+0.8 


V 




V,H 


Input High Voltage 

(All except XI and RES) 


2.0 


Vcc+0.5 


V 




V|H1 


Input High Voltage (RES) 


3.0 


Vcc+0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


loL = 2.5 mA for S0-S2 

Iql "^ 2.0 nnA for all other outputs 


VOH 


Output High Voltage 


2.4 




V 


Ioh = -400mA 


Ice 


Power Supply Current 




550 
450 


nnA 


Ta = 0° c 

Max measured at = -,^o^ 

Ta = 70 C 


'li 


Input Leakage Current 




±10 


HA 


OV <V|N < Vcc 


Ilo 


Output Leakage Current 




±10 


mA 


0.45V < VouT < Vcc 


VCLI 


Clock Input Low Voltage 


-0.5 


0.6 


V 




VCHI 


Clock Input High Voltage 


3.9 


Vcc+1.0 


V 




VCLO 


Clock Output Low Voltage 




0.6 


V 


Iql =4.0 mA 


VCHO 


Clock Output High Voltage 


4.0 




V 


Ioh = -200mA 


C|N 


Input Capacitance 




10 


pF 




C|0 


I/O Capacitance 




20 


PF 





J 



A.C. CHARACTERISTICS (Vcc = 5V ± 10%, Ta = 0°to70°C) 

MBL 80188 Timing Requirements All Timings Measured At 1.5 Volts Unless Otherwise Noted. 

Applicable to MBL 80188 (8 MHz) and MBL 80188-6 (6 MHz) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


TDVCL 


Data in Setup Time (A/D) 


20 




ns 




TCLDX 


Detain Hold Time (A/D) 


10 




ns 




TARYHCH 


Asynchronous Ready 
(AREADY) Active Setup Time* 


20 




ns 




TARYLCL 


AREADY Inactive Setup Time 


35 




ns 




TARYCHL 


Asynchronous Ready Inactive 
Hold Time 


15 




ns 




TCHARYX 


AREADY Hold Time 


15 




ns 




TSRYCL 


Synchronous Ready 

(SREADY) Transition Setup Time 


20 




ns 




TCLSRY 


SREADY Transition Hold Time 


15 




ns 




THVCL 


HOLD Setup Time* 


25 




ns 




TINVCH 


INTR, NMI, TEST, TIMERIN, 
Setup Time* 


25 




ns 




TINVCL 


DRQO, DRQ1 , Setup Time* 


25 




ns 





^ To guarantee recognition at next clock. 
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A.C. CHARACTERISTICS (Continued) 
MBL 80188 Master Interface Timing Responses 



Symbol 


Parameters 


MBL 80188 (8 MHz) 


MBL 80188-6 (6 MHz) 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


TCLAV 


Address Valid Delay 


5 


55 


5 


63 


ns 


Cl= 20-200 pF 
all outputs 


TCLAX 


Address Hold Time 


10 




10 




ns 




TCLAZ 


Address Float Delay 


TCLAX 


35 


TCLAX 


44 


ns 




TCHCZ 


Command Lines Float Delay 




45 




56 


ns 




TCHCV 


Command Lines Valid Delay 
(after Float) 




55 




76 


ns 




TLHLL 


ALE Width 


TCLCL-35 




TCLCL-35 




ns 




TCHLH 


ALE Active Delay 




35 




44 


ns 




TCHLL 


ALE Inactive Delay 




35 




44 


ns 




TLLAX 


Address Hold Time to ALE 
Inactive 


TCHCL-25 




TCHCL-30 




ns 




TCLDV 


Data Valid Delay 


10 


44 


10 


55 


ns 




TCLDOX 


Data Hold Time 


10 




10 




ns 




TWHDX 


Data Hold Time after WR 


TCLCL-40 




TCLCL-50 




ns 




TCVCTV 


Control Active Delay 1 


10 


70 


10 


87 


ns 




TCHCTV 


Control Active Delay 2 


10 


55 


10 


76 


ns 




TCVCTX 


Control Inactive Delay 


5 


55 


5 


76 


ns- 




TCVDEX 


DEN Inactive Delay 
(Non-Write Cycle) 


10 


70 


10 


87 


ns 




TAZRL 


Address Float to RD Active 












ns 




TCLRL 


RD Active Delay 


10 


70 


10 


87 


ns 




TCLRH 


RD Inactive Delay 


10 


55 


10 


76 


ns 




TRHAV 


RD Inactive to Address Active 


TCLCL-40 




TCLCL-50 




ns 




TCLHAV 


HLDA Valid Delay 


5 


50 


5 


67 


ns 




TRLRH 


RD Width 


2TCLCL-50 




2TCLCL-50 




ns 




TWLWH 


WR Width 


2TCLCL-40 




2TCLCL-40 




ns 




TAVAL 


Address Valid to ALE Low 


TCLCH-25 




TCLCH-45 




ns 




TCHSV 


Status Active Delay 


10 


55 


10 


76 


ns 




TCLSH 


Status Inactive Delay 


10 


65 


10 


76 


ns 




TCLTMV 


Timer Output Delay 




60 




75 


ns 


100 pF max 


TCLRO 


Reset Delay 




60 




75 


ns 




TCHQSV 


Queue Status Delay 




35 




44 


ns 




TCHDX 


Status Hold Time 


10 




10 




ns 




TAVCH 


Address Valid to Clock High 


10 




10 




ns 




MBL 80188 Chip-Select Timing Responses 


Symbol 


Parameter 


MBL 80188 (8 MHz) 


MBL 80188-6 (6 MHz) 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


TCLCSV 


Chip-Select Active Delay 




66 




80 


ns 




TCXCSX 


Chip-Select Hold Time from 
Command Inactive 


35 




35 




ns 




TCHCSX 


Chip-Select Inactive Delay 


5 


35 


5 


47 


ns 
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PBEUiliARY 



A.C. CHARACTERISTICS (Contluned) 
MBL 80188 CLKIN Timing Requirements 



Symbol 


Parameter 


MBL 80188 (8 MHz) 


MBL 80188-6 (6 MHz) 


Units 


Test Conditions 


MIn. 


Max. 


Min. 


Max. 


TCKIN 


CLKIN Period 


62.5 


250 


83 


250 


ns 




TCKHL 


CLKIN Fall Time 




10 




10 


ns 


3.5 V to 1.0 V 


TCKLH 


CLKIN Rise Time 




10 




10 


ns 


1 .0 V to 3.5 V 


TCLCK 


CLKIN Low Time 


25 




33 




ns 


1.5 V 


TCHCK 


CLKIN High Time 


25 




33 




ns 


1.5 V 


MBL 80188 CLKOUT Timing Responses (200 pF load) 


Symbol 


Parameter 


MBL 80188 (8 MHz) 


MBL 80188-6 (6 MHz) 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


TCICO 


CLKIN to CLKOUT Skew 




50 




62.5 


ns 




TCLCL 


CLKOUT Period 


125 


500 


167 


500 


ns 




TCLCH 


CLKOUT Low Time 


y2TCLCL-7.5 




y2TCLCL-7.5 




ns 


1.5 V 


TCHCL 


CLKOUT High Time 


y2TCLCL-7.5 




y2TCLCL-7.5 




ns 


1.5 V 


TCH1CH2 


CLKOUT Rise Time 




15 




15 


ns 


1.0 V to 3.5 V 


TCL2CL1 


CLKOUT Fall Time 




15 




15 


ns 


3.5 V to 1.0 V 
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WAVEFORMS 



MAJOR CYCLE TIMING 



T3 Tw T4 



CLK OUT 
S2-S0 



BHE/S7, 
A19/S6-A16/S3 



^^ 



ALE 

TCHLH 




:3c 



BHE/A19-A16 



WRITE CYCLE 



RD, INTA, 
DT/R = VoH 



)( 



2( 



INTA CYCLE 



RD, WR = Vqh 
BHE= Vol 



A15-A0 



_.c?^^~^^n^^Li._^^^ 




^w 



TCLDV 
TCLAX 



^ 



\ 




SOFTWARE HALT-DT/R = Vql, 
RD, WR, iiSlTA,"DEN = Vqh 



PCS1 
^CS 
LCST 
UCS 



TCVCTX 
TDVCL 



TCHCZ 
NOTE 1 



/ 



J~ 



/ 




-TWHDX— H NOTE 1 



J^ 



)^ 



FLOAT 

TCHCTV 



c 



3C 



INVALID ADDRESS 



^ 



=;^ 
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WAVEFORMS (Continued) 



MAJOR CYCLE TIMING (Continued) 



CLKOUT 



-^TCL2CL1 / 



BHE/S7, A19/S6-A16/S3 



TCHSV 
TCLAV 



f 



READ CYCLE 



WR, INTA 



AD15-AD0 



TCLAV 



T1 T2 TCH1CH2 

-TCLCL — 



)( 



TCHCL 



BHE/A19-A16 



X 



TCLAX 



^v 



X 



'& 



(NOTE 3) 

77. " 



TCLAZ 



\ 



DEN 

PCS, 
MCS . 
LCS, 
UCS 



TCHCTV TCLRL 



-TDVCL- 



TCLRH- 



\1 



;C 



f~\ 



\; 



TCHDX 



3C 



C 



f 



TCXCSX 



-J 



NOTES: 

1. Following a Write cycle, the Local Bus is floated by the MBL 80188 only when the MBL 80188 enters a "Hold 
Acknowledge" state. 

2. INTA occurs one clock later in iRMX-mode. 

3. Status inactive just prior to T4. 
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WAVEFORMS (Continued) 



CLKOUT 



~N 



LOCK 



CLKOUT 



NMI, 

TEST, 

INTO-3, 

TIMERIN 



QSO, QS1 



V 



A 



v_jr~\ 



v^^A 



Y 

A 
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DRQO, 
DRQ1~ 



x 
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PRELIiiARY 



WAVEFORMS (Continued) 



HOLD-HLDA TIMING 



T3 



CLKOUT 



^uTX^A^^rVXT. 



TARYHCH- 



-TCHARYX 



-^TARYCHL 



ARDY 



/ 



TARYLCL- 



V 



CLKOUT 



n^r^j 



SRDY 



- TCLSRY 



)C 



CLKOUT 




THVCL- 
HOLD 



/'■■ 



MBL 80188 



DEN 



A19/S6-A16/S3, 



RD VyR MBL 80188 
BiHE, 
£T/R, 
S2-S0 



r 



-TCLHAV 



TCLHAV — 



\ 



-TCLAZ 



k::: 

HCZ 



-TCHCZ 



IEE3- 



S5E9 



TCHCV- 

i 




r- 



MBL 80188 



MBL 80188 
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WAVEFORMS (Continued) 



TIMER ON MBL 80188 



"™V ^'^y 



CLKOUT TCICO- 



A 



^TCLCK* 



-i-TCHCK-H- 



TCH1CH2- 



-TCHCL- 



-TCH2CH1 



'^ 



TIMEROUT 



-TINVCH 



/~A_^^ 



TCLTMV 



-2-6 CLOCKS- 



MBL 80188 INSTRUCTION TIMINGS 



• All word-data is located on even-address boundaries. 



The following instruction timings represent the minimum 
execution time in clock cycles for each instruction. The 
timings given are based on the following assumptions: 

• The opcode, along with any data or displacement re- 
quired for execution of a particular instruction, has been 
prefetched and resides in the queue at the time it is 
needed. 

• No wait states or bus HOLDS occur. 



All jumps and calls include the time required to fetch the 
opcode of the next instruction at the destination address. 

All instructions which involve memory reference can re- 
quire one (and in some cases, two) additional clocks above 
the minimum timings shown. This is due to the asynchro- 
nous nature of the handshake between the BlU and the 
Execution unit. 
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INSTRUCTION SET SUMMARY 



FUNCTION 


FORMAT 






Clock 
Cycles 


Comments 


DATA TRANSFER 
MOV = Move: 

Register to register/memory 
Register/memory to register 
Immediate to register/memory 
Immediate to register 
Memory to accumulator 
Accumulator to memory 
Register/memory to segment register 
Segment register to register/memory 

PUSH =Push: 

Memory 
Register 
Segment register 








2/12* 

2/9* 

12-13* 

3-4 

9* 

8* 
2/13 
2/15 

20 
14 
13 


8/16-bit 
8/16-bit 


1 000 1 OOw 


mod reg r/m 


1 0001 01 w 
1 1 0001 1 w 
1 1 1 w reg 


mod reg r/m 

mod 000 r/m 

data 


data 
data if w = 1 


data if w = 1 1 


1 01 OOOOw 


addr-low 


addr-high 




1 1 000 1 w 


addr-low 


addr-high 


10001110 


mod reg r/m 






1000 1 100 


mod reg r/m 


. 


1 1 1 1 1 1 1 1 J 


mod 110 r/m 


10 10 reg 


reg 1 1 


Immediate 


01 1 01 OsO 


data - 


data if s » 1 


14 










PUSHA » Push AH 


01 1 00000 






68 




POP = Pop: 

Memory 
Register 
Segment register 








24 
14 
12 




10001111 


mod 000 r/m 


10 11 reg^ 


(reg=/=01) 


reg 1 1 1 




POPA * Pop AM 


01 1 00001 






83 




XCHG = Exchange: 
Register/memory with register 
Register with accumulator " 

IN = Input from: 

Fixed port 
Variable port 

OUT= Output to: 

Fixed port 
Variable port 

XLAT = Translate byte to AL 
LEA = Load EA to register 
LDS = Load pointer to DS 
LES = Load pointer to ES 
LAHF = Load AH with flags 
SAHF = Store AH into flags 
PUSHF = Push flags 
POPF = Pop flags 

SEGMENT = Segment Override 
CS 
SS 
DS 






(mod 9^11) 
(mod :^11) 


4/17* 
3 

10* 
8* 

9* 
7* 

15 
6. 
26 
26 
2 
3 
13 
12 

2 
2 
2 
2 




1 00001 1 w 


mod reg r/m 


10 10 reg 






1 1 1 001 Ow 


port 


1 1 1 01 1 Ow 




1 1 1 001 1 w 


por, 


1 1 1 01 1 1 w 


11010111 


1 0001 1 01 


mod reg r/m 


1 1 0001 01 


mod reg r/m 


1 1 0001 00 


mod reg r/m 


10011111 
10011110 
1001 1 100 
10011101 




00101110 
00110110 
00111110 
00 100 1 10 







H 



Shaded areas indicate instructions not available in MBL 8086, 88 microsystems. 

*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 


FORMAT 






Clock 
Cycles 


Comments 


ARITHMETIC 
ADD = Add: 

Reg/memory with register to either 
Immediate to register/memory 
Immediate to accumulator 

ADC = Add with carry: 

Reg/memory with register to either 
Immediate to register/memory 
Immediate to accumulator 

INC = Increment: 

Register/memory 
Register 

SUB = Subtract: 

Reg/memory and register to either 
Immediate from register/memory 
Immediate from accumulator 
SBB = Subtract with borrow: 
Reg/memory and register to either 
Immediate from register/memory 
Immediate from accumulator 
DEC = Decrement: 
Register/memory 
Register 

CMP = Compare: 
Register/memory with register 
Register with register/memory 
Immediate with register/memory 
Immediate with accumulator 
NEG = Change sign 
AAA = ASCII adjust for add 
DAA = Decimal adjust for add 
AAS = ASCII adjust for subtract 
DAS = Decimal adjust for subtract 

MUL = Multiply (unsigned): 

Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 

IMUL = Integer multiply (signed): 

Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 








3/10* 

4/16* 

3/4 

3/10* 

4/16* 

3/4 

3/15* 
3 

3/10* 

4/16* 

3/4 

3/10* 

4/16* 

3/4 

3/15* 
3 

3/10* 

3/10* 

3/10* 

3/4 

3 

8 

4 

7 

4 

26-28 
35-37 
32-34 
41-43* 

25-28 
34-37 
31-34 
40-43* 


8/16-bit 
8/16-bit 

8/16-bit 
8/16-bit 

8/16-bit 


[GOOOOOd w 


mod reg r/m 


1 1 00000 s w 


mod 000 r/m 


data data if s w = 01 | 


1 00000 1 Ow 


data 


data if w = 1 








000 1 OOd w 


mod reg r/m 


1 00000 s w 


mod 010 r/m 


data 1 data if s w = 01 | 


1 000 1 1 Ow 


data 


data if w = 1 | 








1 1 1 1 1 1 1 1 w 


mod 000 r/m 


1 1 reg 






[ 00 1 1 Od w 


mod reg r/m 


1 1 00000 s w 


mod 101 r/m 


data T data if s w = 01 ] 


1 00 1 1 1 Ow 


data 


data if w = 1 I 








1 1 1 d w 


mod reg r/m 


1 00000s w 


mod Oil r/m 


data 1 data if s w = 01 | 


000 1 1 1 Ow 


data 


data if w = 1 1 








1 1 1 1 1 1 1 1 w 


mod 001 r/m 


1 1 1 reg 






00 1 1 1 1 w 


mod reg r/m 


00111 OOw 


mod reg r/m 


1 s w 


mod 1 1 1 r/m 


data 1 data if s w = 01 | 


00 1 1 1 1 Ow 


data 


data if w = 1 I 


Li 1 1 1 1 1 w 


mod Oil r/m 




100110111 




1 00 1 00 1 1 1 


100111111 


1 00 1 1 1 1 1 




1 1 1 1 1 1 1 w 


mod 100 r/m 






|1 1 1 1 01 1 w 


mod 101 r/m 






IMUL = Integer immediate multiply 
(signed) 








22-25/ 
29-32* 




|01 1 01 Os 1 


mod reg r/m 


data 1 data if s = | 


DIV = Divide (unsigned): 

Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 








29 
38 
35 
44* 




I 1 1 1 1 1 1 w 


mod 1 10 r/m 







Shaded areas a indicate instructions not available 
*Note: Clock cycles shown for byte transfer. For 



in MBL 8086, 88 microsystems, 
word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 


FORMAT 




Clock 
Cycles 


Comments 


ARITHMETIC (Continued) 

IDIV = Integer divide (signed): 

Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 

AAM = ASCII adjust for multiply 
AAD = ASCII adjust for divide 
CBW = Convert byte to word 
CWD = Convert wowd to double word 

LOGIC 

Shift/Rotate Instructions: 

Register/memory by 1 
Register/memory by CL 






] 
] 


44-52 
53-61 
50-58 
59-67* 

19 
15 

2 

4 

2/15* 
5+n/17+n* 




1 1 1 1 1 01 1 w 1 


mod 1 1 1 r/m | 






111010100 1 
111010 10 1 1 


00001 01 
00001 01 


110011 000 1 




110011001 I 






11101 OOOw 1 


mod TTT r/m 


1 1 01 00 1 w 1 


mod .TTT r/m 


Mm^tmJmettmy |>y couftt 


1 tOOOOOw} 


mod TTT r/m I count | 


5+n/17+ri* 




AND = And: 

Reg/memory and register to either 
Immediate to register/memory 
Immediate to accumulator 

TEST = And function to flags, no resul 

Register/memory and register 
Immediate data and register/memory 
Immediate data and accumulator 

OR = Or: 

Reg/memory and register to either 
Immediate to register/memory 
Immediate to accumulator 

XOR = Exclusive or: 

Reg/memory and register to either 
Immediate to register/memory 
Immediate to accumulator 
NOT = Invert register/memory 

STRING MANIPULATION 
MOVS = Move byte/word 
CMPS = Compare byte/word 
SCAS = Scan byte/word 
LODS = Load byte/wd to AL/AX 
STOS = Stor byte/wd from AL/A 




TTT Instruction 

000 ROL 
00 1 ROR 
1 RCL 

1 1 RCR 

1 SHL/SAL 
101 SHR 

1 1 1 SAR 


3/10* 

4/16* 

3/4 

3/10* 

4/10* 

3/4 

3/10* 

4/16* 

3/4 

3/10* 

4/16* 

3/4 

3 

14* 

22* 

15* 

12* 

10* 
.... .. ^^^ 

14* 


8/16-bit 
8/16-bit 
8/16-bit 
8/16-bit 


00 1 OOOd w 


mod reg r/m 




1 OOOOOOw 


mod 100 r/m 


data 1 data if w = 1 | 


1001 001 Ow 1 


data 1 data if w = 1 1 


t: 






1 1 0000 1 Ow 1 


mod reg r/m 


Li 1 1 1 1 1 w 1 


mod 000 r/m data ] data if w = 1 ] 


1 1 1 1 OOw 1 


data 1 data if w = 1 | 








0000 1 Odw 


mod reg r/m 


1 OOOOOOw 


mod 001 r/m | data | data if w = 1 | 


lOOOOl 1 Ow 1 


data 1 data if w = 1 H 








001 1 OOdw 


mod reg r/m 


1 OOOOOOw 


mod 1 1 r/m | data data if w = 1 | 


001101 Ow 


data 1 data if w = 1 


1 1 1 1 1 1 w 


mod 010 r/m 








11 1 00 1 Ow 




h 1 00 1 1 w 


|1 1 1 1 1 w 


h 1 1 1 Ow 


n 01 01 01 w 


INS = Input byte/wd from DX port 
OUTS = Output byte/wd to DX port 


LP 1 1 1 1 w 


|0 1 1 1 1 1 w 









Shaded areas indicate instructions not available in MBL 8086, 88 microsystems. 

*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 



FORMAT 



Clock 
Cycles 



STRING MANIPULATION (Continued) 

Repeated by count in CX 
MOVS = Move string 
CMPS = Compare string 
SCAS = Scan string 
LODS = Load string 
^TOS = Store string 
INS= Input string 



OU TS " Output strmg 



CONTROL TRANSFER 

CALL = Call: 

Direct within segment 
Register/memory indirect 
within segment 
Direct intersegment 



Indirect intersegment 

JMP = Unconditional jump: 

Short long 

Direct within segment 
Register memory indirect 
within segment 
Direct intersegment 



I 11110010 I 1010010 w"] 

I 1 1 1 1 00 1 z I 1 1 00 1 1 w"| 

I 1111001Z I 1010111 w"] 

I 11110010 I 1 1 1 1 Ow1 

I 11110010 I 1010101 w1 

I 11110010 I OIIOIIOwl "" 

I 111100 10 1 OIIOIIIwl 



I 1110 1000 



disp-low 



disp-high | 



1 1 1 1 1 1 1 1 1 1 mod 010 r/m | 




1 10011010 


segment offset 




segment selector 



11111111 



mod oil r/m (mod=?fc11) 



1110 10 11 



disp-low 



: 



1110 10 1 I disp-low 



disp-high | 



111111111 I mod 1 00 r/m "| 
I 111010 10 



segment offset 



C 



segment selector 



1 



Indirect intersegment 

RET = Return from CALL: 

Within segment 

Within seg adding immed to SP 

Intersegment 

Intersegment adding immediate to SP 



11111111 I mod 101 r/m | (mod^jtll) 



111000011 1 






1 110000 10 [ 


data-low 


1 data-high | 


110 10 11 


11001010 


data-low 


1 data-high | 



8 + 8n* 

5 + 22n* 
5+ 15n* 
6+ 11n* 

6 + 9n* 



8 + 8n* 



8 + 8n* 



19 

17/27 

31 



14 
14 

11/21 

14 



20 
22 
30 
33 



Shaded areas indicate instructions not available in MBL 8086, 88 microsystems, 

*Note: Clock cycles shown for byte transfer. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continu 


ed) 






FUNCTION 


FORMAT 




Clock 
Cycles 


Comments 


CONTROL TRANSFER (Continued) 
JE/JZ = Jump on equal/zero 
JL/JNGE = Jump on less/not greater 

or equal 
JLE/JNG = Jump on less or 

equal/not greater 
JB/JNAE = Jump on below/not 

above or equal 

JBE/JNA = Jump on below or 
equal/not above 

JP/JPE = Jump on parity/parity even 
JO = Jump on overflow 
JS = Jump on sign 
JNE/JNZ = Jump on not equal/not 
zero 

JNL/JGE = Jump on not less/greater 

or equal 
JNLE/JG = Jump on not less or 

equal/greater 
JNB/JAE = Jump on not below/ 

above or equal 
JNBE/JA = Jump on not below or 

equal/above 
JNP/JPO = Jump on not par/par odd 
JNO = Jump on not overflow 
JNS = Jump on not sign 
JCXZ = Jump on CX zero 
LOOP = Loop CX times 
LOOPZ/LOOPE = Loop while 
zero/equal 
LOOPNZ/LOOPNE = Loop while 

not zero/equal 






4/13 
4/13 

4/13 

4/13 

4/1.3 

4/13 
4/13 
4/13 

4/13 
4/13 
4/13 
4/13 

4/13 

4/13 
4/13 
4/13 
5/15 
6/16 

6/16 
6/16 


JMP not 

taken/JMP 

taken 

LOOP not 

taken/LOOP 

taken 


1 1110 100 


disp 1 






1 1111100 


disp 1 






101111110 


disp 1 






1 1110010 


disp 1 






101110 110 


disp 1 






11110 10 


disp 


0111 0000 J 


disp 


1111000 


disp 






10 1110 10 1 


disp 1 






1 111110 1 


disp 1 






1 1 1 1 1 1 1 1 


disp 1 






1 1110011 


disp 1 






10 1110 111 


disp 1 






11110 11 


disp 1 


1 1 1 QOO 1 


disp 


1111001 


disp 


11100011 


disp J 


1110 10 


disp 1 






1 1110000 1 


disp 1 






1 1110 


disp 1 






ENTER « enter Procedure 

L = 

L=1 

L>1 

LEAVE « Leave Procedure 


1 11001 000 


data-low j data-high | L 1 


15 

25 

22+16{n-1) 

8 








1 1 1001001 


INT= Interrupt: 

Type specified 

Type 3 

INTO = Interrupt on overflow 

IRET = Interrupt return 






47 
45 
48/4 

28 


if INT.taken/ 

if INT. not 

taken 


11001101 


type 1 


11001100 




I 11001110 


1 11001111 




BOUND » Detect value out of range 


1011 0001 


mod reg r/m 1 


33 -35 











d 



Shaded areas indicate instructions not available in MBL 8086, 88 microsystems. 
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INSTRUCTION SET SUMMARY (Continued) 



FUNCTION 


FORMAT 


Clock 
Cycles 


Comments 


PROCESSOR CONTROL 

CLC = Clear carry [ 




2 
2 
2 
2 
2 
2 
2 
2 
6 
2 
6 


if test =0 


111110 1 


CMC = Complement carry [ 


111101011 


STC = Set carry [ 


111110011 


CLD = Clear direction [ 


111111001 


STD = Set direction [ 


1111110 11 


CLI = Clear interrupt [ 


1 1 1 1 1 1 1 


STI = Set interrupt [ 


111110 111 


HLT = Halt [ 


11110 1001 


WAIT = Wait [ 


100110111 


LOCK = Bus lock prefix [ 


111100001 


ESC = Processor extension escape [ 


1 1 1 1TTT 1 mod LLL r/m | 




(TTT LLL are opcode to processor extension) 



Shaded areas indicate instructions not available in MBL 8086, 88 microsystems. 
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FOOTNOTES 

The Effective Address (EA) of the memory operand is com- 
puted according to the mod and r/m fields: 

if mod = 1 1 then r/m is treated as a REG field 

if mod =00 then DISP = 0*, disp-low and disp-high are 

absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, 

disp-high is absent 

if mod = 10 then DISP = disp-high: disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 
if r/m = 001 then EA = (BX) + (Dl) + DISP 
if r/m = 010 then EA = (BP) -i- (SI) + DISP 
if r/m = 011 then EA=(BP) + (Dl)-H DISP 
if r/m = 100 then EA= (SI) + DISP 
if r/m = 101 then EA = (Dl) + DISP 
if r/m = 1 10 then EA = (BP) + DISP* 
if/r/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if re- 
quired) 

*except if mod = 00 and r/m = 110 then EA = disp-high: disp-low. 

EA calculation time is 4 clock cycles for all modes, and is 
included in the execution times given whenever appro- 
priate. 

SEGMENT OVERRIDE PREFIX 



REG is assigned according to the following table: 



16-Bit (w = 1) 


8-Bit (w = C 


000 AX 


000 AL 


001 CX 


001 CL 


010 DX 


010 DL 


Oil BX 


Oil BL 


100 SP 


100 AH 


101 BP 


101 CH 


110 SI 


110 DH 


111 Dl 


111 BH 



The physical addresses of all operands addressed by the BP 
register are computed using the SS segment register. The 
physical addresses of the destination operands of the string 
primitive operations (those addressed by the Dl register) 
are computed using the ES segment, which may not be 
overridden. 



1 reg 1 1 



reg is assigned according to the following: 



reg 


Segment Register 


00 


ES 


01 


CS 


10 


SS 


11 


DS 
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PACKAGE ILLUSTRATION 



CERAMIC LCC 
(METAL SEAL) 




PACKAGE DIMENSIONS (Suffix -CV) 



68-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-68C-A01) 



INDEX AREA 



.670(17.02)SQ 




.050(1.27) 



MBS 



.940(23.88) , 



.960(24.38) 



.792(20.12) 
.808(20.52) 



i 



.036(0.91) 



TYP 



.842(21.39) 
.858(21.79) 



.060(1.52) 



TYP 
.110(2.79) 



©1985 FUJITSU C68001S 1C 



C.040(1.02) 



.842(21.39) 



.858(21.79) 



Dimension in 
inches (millimeters) 
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PACKAGE ILLUSTRATION 



CERAMIC PGA 
(METAL SEAL) 




PACKAGE DIMENSIONS (Suffix -CR) 



.050(1.27)DIATYP 





/ 


r o A O o o „ o ^ 


o / 


o O O o o o 


® 


o o 


1 


o 







O 


O 




O 







o o 


O 




o o 


o o 




o o 


o o 




O 


o @ 


O O O O o 


@ o 


ooooooooonj 


1.135(28.83)„^ 




1.165(29.59)'^^ 


— 1 



68-LEAD CERAMIC (METAL SEAL) 

REPEATED QUAD IN-LINE PACKAGE 

(CASE No.: RIT-68C-A01) 



.090(2.29) 



.110(2.79) 



r: 



1.000(25.40) 
REF 



©1985 FUJITSU LIMITED R68001S-2C 



015(0.38) 
,020(0.51)^ 



.122(3.10) 



.045(1.14) 



.055(1.40) 
.100(2.54) 
.120(3.05) 



,185(4.70) 



, INDEX AREA 



Dimensions in 
inches (miliinneters) 
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NMOS 8-BIT 
MICROPROCESSOR 



MBL 8088 
MBL 8088-2 
MBL 8088-1 



NMOS 8-BIT MICROPROCESSOR 



February 1 985 
Edition 4.0 



The Fujitsu MBL 8088 is a new generation, high perfornnance microprcx;essor implemented in N-channel, depletion 
load, silicon gate technology (NMOS), and packaged in a 40-pin ceramic or plastic DIP. The processor has attributes of 
both 8- and 16-bit microprocessors. It is directly compatible with MBL 8086 software and Intel 8080/8085 hardware 
and peripherals. 



• 8-Bit Data Bus Interface 

• 16- Bit Internal Architecture 

• Direct Addressing Capability to 1 Mbyte of 
Memory 

Direct Software Compatibility with MBL 8086 
CPU 

14-Word by 16-Bit Register Set with Symmetri- 
cal Operations 

• 24 Operand Addressing Modes 

• Byte, Word, and Block Operations 



8-Bit and 16-Bit Signed and Unsigned Arithme- 
tic in Binary or Decimal, Including Multiply and 
Divide 

Compatible with 8155-2, 8755A-2 and 8185-2 
Multiplexed Peripherals 
Two Clock Rates: 

5MHz for MBL 8088, 

8MHz for MBL 8088-2, 
10MHz for MBL 8088-1 
40-Pin Dip: 

Ceramic DIP (Suffix: -C) 
Plastic DIP (Suffix: -P) 



Fig. 1 -BLOCK DIAGRAM 



(^MEMORY interface) 



BUS 

INTERFACE 

UNIT 



EXECUTION 
UNIT 




Fig. 2 -PIN CONFIGURATION 



MIN r MAX 1 
MODE \mODEJ 

lA15 
IA16/S3 

A17/S4 

A18/S5 

A19/S6 

SSO (HIGH) 

MN/MX 
IRD 



AH 


AL 


BH 


BL 


CH 


CL 


DH 


DL 


SP 


BP 


SI 


Dl 



FLAGS [ ^ 




I HOLD 

IHLDA 

IWR 

IIO/M 

I DT/R 

I DEN 

I ALE 

jINTA 

ITEST 

I READY 

I RESET 



(RQ/GTO) 

( RQ/GT 1) 

(LOCK) 

(S2) 

(SI) 

(SO) 

(QSO) 

(QS1) 



Portions Reprinted by permission of Intel Corporation 
© Intel Corporation, 1980 
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TABLE 1 - PIN DESCRIPTION 

The following pin function descriptions are for MBL 8088 systems in either minimum or maximum mode. The "local bus" 
in these descriptions is the direct multiplexed bus interface connection to the MBL 8088 (without regard to additional bus 
buffers). 



Symbol 



Pin No. 



Type 



Name and Function 



AD7-AD0 



9-16 



I/O 



Address Data Bus: These lines constitute the time multiplexed memory/10 address 
(Ti ) and data (T2, T3, Tw, and T4) bus. These lines are active HIGH and float to 3-state 
OFF during interrupt acknowledge and local bus "hold acknowledge". 



A, 5 -As 



2-8, 39 



Address Bus: These lines provide address bits 8 through 15 for the entire bus cycle 
(Ti— T4). These lines do not have to be latched by ALE to remain valid. A15 — Ag 
are active HIGH and float to 3-state OFF during interrupt acknowledge and local bus 
"hold acknowledge". 



A19/S6, 
A18/S5, 
A17/S4, 
A16/S3 



35-38 



Address/Status: During Ti , these are the four 
most significant address lines for memory op- 
erations. During I/O operations, these lines are 
LOW. During memory and I/O operations, 
status information is avalable on these lines 
during T2, T3, Tw, and T4. $6 is always low. 
The status of the interrupt enable flag bit (S5 ) 
is updated at the beginning of each clock 
cycle. S4 and S3 are encoded as shown. 

This information indicates which segment 
register is presently being used for data acces- 
sing. 

These lines float to 3-state OFF during local 
bus "hold acknowledge". 



S4 


S3 


Characteristics 


(LOW) 





Alternate Data 





1 


Stack 


1 (HIGH) 
1 




1 


Code or None 
Data 


Sg is (LOW) 







RD 



32 



Read: Read strobe indicates that the processor is performing a memory or I/O read 
cycle, depending on the state of the lO/M pin or S2 . This signal is used to read devices 
which reside on the MBL 8088 local bus. RD is active LOW during T2, T3 and Tw of 
any read cycle, and is guaranteed to remain HIGH in T2 until the MBL 8088 local bus 
has floated. 

This signal floats to 3-state OFF in "hold acknowledge". 



READY 



22 



READY: is the acknowledgement from the addressed memory or I/O device that it will 
complete the data transfer. The RDY signal from memory or I/O is synchronized by the 
MBL 8284A clock generator to form READY. This signal is active HIGH. The MBL 8088 
READY input is not synchronized. Correct operation is not guaranteed if the set up and 
hold times are not met. 



INTR 



18 



Interrupt Request: is a level triggered input which is sampled during the last clock cycle 
of each instruction to determine if the processor should enter into an interrupt acknow- 
ledge operation. A subroutine is vectored to via an interrupt vector lookup table located 
in system memory. It can be internally masked by software resetting the interrupt 
enable bit. INTR is internally synchronized. This signal is active HIGH. 



TEST 



23 



TEST: input is examined by the "wait for test" instruction. If the TEST input is LOW, 
execution continues, otherwise the processor waits in an "idle" state. This input is 
synchronized internally during each clock cycle on the leading edge of CLK. 



NMI 



17 



Non-Maskable Interrupt: is an edge triggered input which causes a type 2 interrupt. 
A subroutine is vectored to via an interrupt vector lookup table located in system 
memory. NMI is not maskable internally by software. A transition from a LOW to 
HIGH initiates the interrupt at the end of the current instruction. This input is internal- 
ly synchronized. 
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TABLE 1-PIN DESCRIPTION (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


RESET 


21 


1 


RESET: causes the processor to immediately terminate its present activity. The signal 
must be active HIGH for at least four clock cycles. It restarts execution, as described in 
the instruction set description, when RESET returns LOW. RESET is internally syn- 
chronized. 


CLK 


19 


1 


Clock: provides the basic timing for the processor and bus controller. It is asymmetric 
with a 33% duty cycle to provide optimized internal timing. 


Vcc 


40 




Vcc ■ is the +5V ±10% power supply pin. 


GND 


1,20 




GND: are the ground pins. 


MN/MX 


33 


1 


Minimum/Maximum: indicates what mode the processor is to operate in. The two 
modes are discussed in the following sections. 



The following pin function descriptions are for the MBL 8088 minimum mode (i.e., MN/MX = Vcc)-0"ly the pin functions 
which are unique to minimum mode are described; all other pin functions are as described above. 



lO/M 


28 





Status Line: is an inverted maximum mode S2 . It is used to distinguish a memory access 
from an I/O access. lO/M becomes valid in the T4 preceding a bus cycle and remains 
valid until the final T4 of the cycle (l/0=HIGH, M=LOW). lO/M floats to 3-state OFF in 
local bus "hold acknowledge". 


WR 


29 





Write: strobe indicates that the processor is performing a write memory or write I/O 
cycle, depending on the state of the lO/M signal. WR is active for T2 , T3 , and Tw of any 
write cycle. It is active LOW, and floats to 3-state OFF in local bus "hold acknowledge". 


INTA 


24 





INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW during 
T2 , T3 , and Tw of each interrupt acknowledge cycle. 


ALE 


25 





Address Latch Enable: is provided by the processor to latch the address into the 
MBL 8282/8283 address latch. It is a HIGH pulse active during clock low of Tj of any 
bus cycle. Note that ALE is never floated. 


DT/R 


27 





Data Transmit/Receive: is needed in a minimum system that desires to use an 
MBL 8286/8287 data bus transceiver. It is used to control to direction of data flow 
through the transceiver. Logically, DT/R is equivalent to Si in the maximum mode, and 
its timing is the same as for lO/M (T=HIGH,"R=LOW). This signal floats to 3-state OFF 
in local "hold acknowledge". 


DEN 


26 





Data Enable: is provided as an output enable for the MBL 8286/8287 in a minimum 
system which uses the transceiver. DEN is active LOW during each memory and I/O 
access, and for INTA cycles. For a read or INTA cycle, it is active from the middle of 
T2 until the middle of T4, while for a write cycle, it is active from the beginning of T2 
until the middle of T4. DEN floats to 3-state OFF during local bus "hold acknowledge". 


HOLD, 
HLDA 


30,31 


1,0 


HOLD: indicates that another master is requesting a local bus "hold". To be acknow- 
ledged, HOLD must be active HIGH. The processor receiving the "hold" request will 
issue HLDA (HIGH) as an acknowledgement, in the middle of a T4 or Tj clock cycle. 
Simultaneous with the issuance of HLDA the processor will float the local bus and 
control lines. After HOLD is detected as being LOW, the processor lowers HLDA, and 
when the processor needs to run another cycle, it will again drive the local bus and 
control lines. 

Hold is not an asynchronous input. External synchronization should be provided if 
the system cannot otherwise guarantee the set up time. 
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TABLE 1 - PIN DESCRIPTION (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


sso 


34 







Status line: is logically equivalent to SO in the 
nnaximum mode. The combination of SSO, 
lO/M and DT/R allows the system to com- 


lO/M 


DT/R 


SSO 


Characteristics 




1 (HIGH) 








Interrijpt 
acknowledge 
Read I/O Port 
Write I/O Port 








pletely decode the current bus cycle status. 


1 


1 















1 


1 


1 


Halt 












(LOW) 








Code Access 


















1 


Read Memory 















1 





Write Memory 















1 


1 


Passive 





The following pin function descriptions are for the MBL 8088, 8228 system in maximum mode (i.e., MN/MX=GND.) 
Only the pin functions which are unique to maximum mode are described; all other pin functions are as described above. 



S2, S1,S0 



26-28 



Status: is active during clock high of T4, Ti , 
and T2, and is returned to the passive state 
(1,1,1) during T3 or during Tw when READY 
is HIGH. This status is used by the MBL 8288 
bus controller to generate all memory and I/O 
access control signals. Any change by S2, ST, 
or SO during T4 is used to indicate the begin- 
ning of a bus cycle, and the return to the 
passive state in T3 or Tw is used to indicate 
the end of a bus cycle. 

These signals float to 3-state OFF during 
"hold acknowledge". During the first clock 
cycle after RESET becomes active, these 
signals are active HIGH. After this first clock 
they float to 3-state OFF. 



S2 


SI 


so 


Characteristics 


(LOW) 








Interrupt 
acknowledge 








1 


Read I/O Port 





1 





Write I/O Port 





1 


1 


Halt 


1 (HIGH) 








Code Access 


1 





1 


Read Memory 


1 
1 


1 
1 




1 


Write Memory 
Passive 



RQ/GTO, 
RQ/GT1 



30,31 



I/O 



Request/Grant: pins are used by other local bus masters to force the processor to release 
the local bus at the end of the processor's current bus cycle. Each pin is bidirectional 
with RQ/GTo having higher priority than RQ/GTi . RO/GT has an internal pull-up re- 
sistor, so may be left unconnected. The request/grant sequence is as follows (See Fig. 8): 

1 . A pulse of one CLK wide from another local bus master indicates a local bus request 
("hold") to the MBL 8088 (pulse 1 ). 

2. During a T4 or Ti clock cycle, a pulse one clock wide from the MBL 8088 to the 
requesting master (pulse 2), indicates that the MBL 8088 has allowed the local bus 
to float and that it will enter the "hold acknowledge" state at the next CLK. The 
CPU's bus interface unit is disconnected logically from the local bus during "hold 
acknowledge". The same rules as for HOLD/HOLDA apply as for when the bus is 
released. 

3. A pulse one CLK wide from the requesting master indicates to the MBL 8088 (pulse 
3) that the "hold" request is about to end and that the MBL 8088 can reclaim the 
local bus at the next CLK. The CPU then enters T4 . 
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TABLE 1 - PIN DESCRIPTION (Continued) 



Symbol 



Pin No. 



Type 



Name and Function 



RQ/GTO, 
RQ/GTT 



30,31 



I/O 



Each master-master exchange of the local bus is a sequence of three pulses. There must 
be one idle CLK cycle after each bus exchange. Pulses are active LOW. 

If the request is made while the CPU is performing a memory cycle, it will release the 
local bus during T4 of the cycle when all the following conditions are met: 

1 . Request occurs on or before T2 . 

2. Current cycle is not the low byte of a word. 

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 

4. A locked instruction is not currently executing. 

If the local bus is idle when the request is made the two possible events will follow: 

1 . Local bus will be released during the next clock. 

2. A memory cycle will start within 3 clocks. Now the four rules for a currently active 
memory cycle apply with condition number 1 already satisfied. 



LOCK 



29 



LOCK : indica tes that other system b us mast ers are not to gain control of the system bus 
while LOCK is active (LOW). The LOCK signal is activated by the "LOCK" prefix 
instruction and remains active until the completion of the next instruction. This signal 
is active LOW, and floats to 3-state off in "hold acknowledge". 



Queue Status: provide status to allow external 
tracking of the internal MBL 8088 instruction 
queue. 

The queue status is valid during the CLK cycle 
after which the queue operation is performed. 



QS1,QS0 



24,25 



QS1 


QSO 


Characteristics 


OILOW) 





No operation 




1 (HIGH) 


1 



First byte of opcode 
from queue 
Empty the queue 


1 


1 


Subsequent byte from 
queue 



34 



Pin 34 is always high in the maximum mode. 
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FUNCTIONAL DESCRIPTION 



MEMORY ORGANIZATION 

The processor provides a 20-bit address to memory which 
locates the byte being referenced. The memory is organ- 
ized as a linear array of up to 1 million bytes, addressed as 
00000(H) to FFFFF(H). The memory is logically divided 
into code, data, extra data, and stack segments of up to 
64K bytes each, with each segment falling on 16-byte 
boundaries. (See Fig. 3.) 

All memory references are made relative to base addresses 
contained in high speed segment registers. The segment 
types were chosen based on the addressing needs of 
programs. The segment register to be selected is auto- 
matically chosen according to the rules of the following 
table. All information in one segment type share the same 
logical attributes (e.g. code or data). By structuring 
memory into relocatable areas of similar characteristics 
and by automatically selecting segment registers, programs 
are shorter, faster, and more structured. 

Word (16-bit) operands can be located on even or odd 
address boundaries. For address and data operands, the 
least significant byte of the word is stored in the lower 
valued address location and the most significant byte in 
the next higher address location. The BID will auto- 
matically execute two fetch or write cycles for 16-bit 
operands. 

Certain locations in memory are reserved for specific CPU 
operations. (See Fig. 4.) Locations from addresses 
FFFFOH through FFFFFH are reserved for operations 
including a jump to the initial system initialization 
routine. Following RESET, the CPU will always begin 
execution at location FFFFOH where the jump must be 
located. Locations OOOOOH through 003FFH are reserved 
for interrupt operations. Four-byte pointers consisting of 
a 16-bit segment address and a 16-bit offset address direct 
program flow to one of the 256 possible interrupt service 
routines. The pointer elements are assumed to have been 
stored at their respective places in reserved memory prior 
to the occurrence of interrupts. 

MINIMUM AND MAXIMUM MODES 

The requirements for supporting minimum and maximum 
MBL 8088 systems are sufficiently different that they 
cannot be done efficiently with 40 uniquely defined pins. 
Consequently, the MBL 8088 is equipped with a strap 
pin (MN/MX) which defines the system configuration. 
The definition of a certain subset of the pins changes, 
dependent on the condition of the strap pin. When the 
MN/MX pin is strapped to GND, the MBL 8088 defines 
pins 24 through 31 and 34 in maximum mode. When the 



Fig. 3 - MEMORY ORGANIZATION 



64 KB 



SEGMENT 
REGISTER FILE 



_G5_ 



SS 



ES 



+ OFFSET 



WORD 



-m^ 



Lgg" 



FFFFFH 

>CODE SEGMENT 
'' XXXXOH 

i STACK SEGMENT 



DATA SEGMENT 



EXTRA DATA 
SEGMENT 



OOOOOH 



Fig. 4 - RESERVED MEMORY LOCATIONS 



RESET BOOTSTRAP 
PROGRAM JUMP 



INTERRUPT POINTER 
FOR TYPE 255 



INTERRUPT POINTER 
FOR TYPE 1 



INTERRUPT POINTER 
FOR TYPE 



FFFFFH 
FFFFOH 



3FFH 
3F0H 



4H 
3H 

OH 



MN/MX pin is strapped to V^^, the MBL 8088 generates 
bus control signals itself on pins 24 through 31 and 34. 
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Memory 
Reference Need 


Segment Register 
Used 


Segment Selection Rule 


Instructions 


CODE (CS) 


Automatic with all instruction prefetch. 


Stack 


STACK (SS) 


All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Local Data 


DATA (DS) 


Data references when: relative to stack, destination of string 
operation, or explicity overridden. 


External (Global) Data 


EXTRA (ES) 


Destination of string operations: Explicity selected using a 
segment override. 



The minimum mode MBL 8088 can be used with either a 
multiplexed or demultiplexed bus. The multiplexed bus 
configuration is compatible with the MCS-85* multi- 
plexed bus peripherals (Intel 8155, 8156, 8355, 8755A, 
and 8185). This configuration (See Fig. 5.) provides the 
user with a minimum chip count system. This architecture 
provides the MBL 8088 processing power in a highly 
integrated form. 

The demultiplexed mode requires one latch (for 64K 
addressability) or two latches (for a full megabyte of 
addressing). A third latch can be used for buffering if the 
address bus loading requires it. An MBL 8286 or 
MBL 8287 transceiver can also be used if data bus buff- 
ering Is required. (See Fig. 6.) The MBL 8088 provides 
DEN and DT/R to control the transceiver, and ALE to 



latch the addresses. This configuration of the minimum 
mode provides the standard demultiplexed bus structure 
with heavy bus buffering and relaxed bus timing require- 
ments. 

The maximum mode employs the MBL 8288 bus con- 
troller. (See Fig. 7.) The MBL 8288 decodes status lines 
So, Si, and S^, and provides the system with all bus 
control signals. Moving the bus control to the MBL 8288 
provides better source and sink current capability to the 
control lines, and frees the MBL 8088 pins for extended 
large system features. Hardware lock, queue status, and 
two request/grant interfaces are provided by the 
MBL 8088 in maximum mode. These features allow co- 
processors in local bus and remote bus configurations. 



*Trade Mark of Intel Corporation, USA 
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Fig. 5 - MULTIPLEXED BUS CONFIGURATION 
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Fig. 6- DEMULTIPLEXED BUS CONFIGRATION EXAMPLES (MINIMUM MODE) 
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Fig. 7- FULLY BUFFERED SYSTEM EXAMPLE (MAXIMUM MODE) 
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BUS OPERATION 

The MBL 8088 address/data bus is broken into three parts 
— the lower eight address/data bits (ADq— AD7), the 
middle eight address bits (Ag - A15 ), and the upper four 
address bits {A16 — A19 ). The address/data bits and the 
highest four address bits are time multiplexed. This 
technique provides the most efficient use of pins on the 



processor, permitting the use of a standard 40 lead 
package. The middle eight address bits are not multi- 
plexed, i.e. they remain valid throughout each bus cycle. 
In addition, the bus can be demultiplexed at the processor 
with a single address latch if a standard, non-multiplexed 
bus is desired for the system. 



Fig. 8 - BASIC SYSTEM TIMING 
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Each processor bus cycle consists of at least four CLK 
cycles. These are referred to as Ti, T2, T3, and T4. (See 
Fig. 8). The address is emitted from the processor during 
Ti and data transfer occurs on the bus during T3 and T4. 
T2 is used primarily for changing the direction of the bus 
during read operations. In the event that a "NOT 
READY" indication is given by the addressed device, 
"wait" states (Tw) are inserted between T3 and T4. Each 
inserted "wait" state is of the same duration as a CLK 
cycle. Periods can occur between MBL 8088 driven bus 
cycles. These are referred to as "idle" states (Ti), or 
inactive CLK cycles. The processor uses these cycles for 
internal housekeeping. 

During Ti of any bus cycle, the ALE (address latch 
enable) signal is emitted (by either the processor or the 
MBL 8288 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid address 
and certain status information for the cycle may be 
latched. 

Status bits So, Si, and S2 are used by the bus controller, 
in maximum mode, to identify the type of bus transaction 
according to the following table: 



S2 


Si 


s^ 


CHARACTERISTICS 


(Low) 








Interrupt Acknowledge 








1 


Read I/O 





1 





Write I/O 





1 


1 


Halt 


1 (High) 








Instruction Fetch 


1 





1 


Read Data from Memory 


1 


1 





Write Data to Memory 


1 


1 


1 


Passive (no bus cycle) 



Status bits S3 through 85 are multiplexed with high order 
address bits and are therefore valid during T2 through T4, 
S3 and S4 indicate which segment register was used for 
this bus cycle in forming the address according to the 
following table: 



S4 


S3 


CHARACTERISTICS 


(Low) 


1 (High) 
1 



1 

1 


Alternate Data (Extra Segment) 

Stack 

Code or None 

Data 



S5 is a reflection of the PSW interrupt enable bit. 85 is 
always equal to 0. 

I/O ADDRESSING 

In the MBL 8088, I/O operations can address up to a 
maximum of 64K I/O registers. The I/O address appears in 
the same format as the memory address on bus lines 
Ais -Aq. The address lines A19 — A16 are zero in I/O 
operations. The variable I/O instructions, which use 
register DX as a pointer, have full address capability, while 
the direct I/O instructions directly address one or two of 
the 256 I/O byte locations in page of the I/O address 
space. I/O ports are addressed in the same manner as 
memory locations. 

Designers familiar with the Intel 8085 or upgrading an 
8085 design should note that the 8085 addresses I/O 
with an 8-bit address on both halves of the 16-bit address 
bus. The MBL 8088 uses a full 16-bit address on its lower 
16 address lines. 



EXTERNAL INTERFACE 

PROCESSOR RESET AND INITIALIZATION 

Processor initialization or start up is accomplished with 
activation (HIGH) of the RESET pin. The MBL 8088 
RESET is required to be HIGH for greater than four clock 
cycles. The MBL 8088 will terminate operations on the 
high-going edge of RESET and will remain dormant as 
long as RESET is HIGH. The low-going transition of 
RESET triggers an internal reset sequence for approxi- 
mately 7 clock cycles. After this interval the MBL 8088 
operates normally, beginning with the instruction in 
absolute location FFFFOH. (See Fig. 4.) The RESET 
input is internally synchronized to the processor clock. At 
initialization, the HIGH to LOW transition of RESET 
must occur no sooner than 50 jus after power up, to allow 
complete initialization of the MBL 8088. 

If INTR is asserted sooner than nine clock cycles after the 
end of RESET, the processor may execute one instruction 
before responding to the interrupt. 

All 3-state outputs float to 3-state OFF during RESET. 
Status is active in the idle state for the first clock after 
RESET becomes active and then floats to 3-state OFF. 

INTERRUPT OPERATIONS 

Interrupt operations fall into two classes: software or 
hardware initiated. The software initiated interrupts and 
software aspects of hardware interrupts are specified in 
the instruction set description in the MBL 8086 Family 
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User's Manual. Hardware interrupts can be classified as 
non-maskable or maskable. 

Interrupts result in a transfer of control to a new program 
location. A 256 element table containing address pointers 
to the interrupt service program locations resides in 
absolute locations through 3FFH (see Fig. 4), which are 
reserved for this purpose. Each element in the table is 4 
bytes in size and corresponds to an interrupt "type". An 
Interrupting device supplies an 8-blt type number, during 
the interrupt acknowledge sequence, which is used to 
vector through the appropriate element to the new 
Interrupt service program location. 

NON-MASKABLE INTERRUPT (NMI) 

The processor provides a single non-maskable Interrupt 
(NMI) pin which has higher priority than the maskable 
interrupt request (INTR) pin. A typical use would be to 
activate a power failure routine. The NMI Is edge-triggered 
on a LOW to HIGH transition. The activation of this pin 
causes a type 2 Interrupt. 

NMI is required to have a duration in the HIGH state of 
greater than two clock cycles, but is not required to be 
synchronized to the clock. Any higher going transition of 
NMI Is latched on-chip and will be serviced at the end of 
the current instruction or between whole moves (2 bytes 
in the case of word moves) of a block type Instruction. 
Worst case response to NMI would be for multiply, divide, 
and variable shift instructions. There Is no specification on 
the occurrence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high-going 
edge triggers another response If it occurs after the start of 
the NMI procedure. The signal must be free of logical 
spikes In general and be free of bounces on the low-going 
edge to avoid triggering extraneous responses. 

MASKABLE INTERRUPT (INTR) 

The MBL 8088 provides a single interrupt request input 
(INTR) which can be masked internally by software with 
the resetting of the interrupt enable (IF) flag bit. The 
interrupt request signal is level triggered. It Is internally 
synchronized during each clock cycle on the high-going 
edge of CLK. To be responded to, INTR must be present 
(HIGH) during the clock period preceding the end of the 
current Instruction or the end of a whole move for a block 
type instruction. During Interrupt response sequence, 
further interrupts are disabled. The enable bit Is reset as 
part of the response to any Interrupt (INTR, NMI, 
software Interrupt, or single step), although the FLAGS 
register which is automatically pushed onto the stack 
reflects the state of the processor prior to the Interrupt. 



Until the old FLAGS register is restored, the enable bit 
will be zero unless specifically set by an Instruction. 

During the response sequence (See Fig. 9), the processor 
executes two successive (back to back) interrupt acknowl- 
edge cycles. The MBL 8088 emits the LOCK signal 
(maximum mode only) from T2 0f the first bus cycle until 
T2 of the second. A local bus "hold" request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle, a byte is fetched from the external 
interrupt system (e.g., MBL 8259A PIC) which Identifies 
the source (type) of the interrupt. This byte Is multiplied 
by four and used as a pointer into the Interrupt vector 
lookup table. An INTR signal left HIGH will be continual- 
ly responded to within the limitations of the enable bit 
and sample period. The interrupt return Instruction 
includes a flags pop which returns the status of the 
original interrupt enable bit when It restores the flags. 

HALT 

When a software HALT Instruction is executed, the 
processor indicates that it Is entering the HALT state In 
one of two ways, depending upon which mode Is 
strapped. In minimum mode, the processor Issues ALE, 
delayed by one clock cycle, to allow the system to latch 
the halt status. Halt status is available on lO/M, DT/^, 
and SSO. In maximum mode, the processor issues appro- 
priate HALT status on 5*2 , S^i , and So, and the MBL 8288 
bus controller issues one ALE. The MBL 8088 will not 
leave the HALT state when a local bus hold is entered 
while In HALT. In this case, the processor reissues the 
HALT indicator at the end of the local bus hold. An 
interrupt request or RESET will force the MBL 8088 out 
of the HALT state. 

READ/MODIFY/WRITE (SEMAPHORE) OPERATIONS 
VIA LOCK 



J 



The LOCK status Information is provided by the pro- 
cessor when consecutive bus cycles are required during the 
execution of an Instruction. This allows the processor to 
perform read/modlfy/wrlte operations on memory (via 
the "exchange register with memory" instruction), with- 
out another system bus master receiving Intervening 
memory cycles. This is useful In multiprocessor system 
configurations to accomplish "test and set lock" opera- 
tions. The LOCK signal is activated (LOW) In the clock 
cycle following decoding of the LOCK prefix instruction. 
It is deactivated at the end of the last bus cycle of the 
Instruction following the LOCK prefix. While LOCK is 
active, a request on a RQ/GT pin will be recorded, and 
then honored at the end of the LOCK. 
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Fig. 9 - INTERRUPT ACKNOWLEDGE SEQUENCE 
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EXTERNAL SYNCHRONIZATION VIA TEST 

As an alternative to interrupts, the MBL 8088 provides a 
single software -testable input pin (TEST). This input is 
utilized by executing a WAIT instruction. The single 
WAIT instruction is repeatedly executed until the TEST 
input goes active (LOW). The execution of WAIT does not 
consume bus cycles once the queue is full. 

If a local bus request occurs during WAIT execution, the 
MBL 8088 3-states all output drivers. If interrupts are 
enabled, the MBL 8088 will recognize interrupts and 
process them. The WAIT instruction is then refetched, 
and reexecuted. 

BASIC SYSTEM TIMING 

In minimum mode, the NM/MX pin is strapped to V^^ 
and the processor emits bus control signals compatible 
with the 8085 bus structure. In maximum mode, the 
MN/MX pin is strapped to GND and the processor emits 
coded status information which the MBL 8288 bus 
controller uses to generate MULTIBUS* compatible bus 
control signals, 

SYSTEM TIMING - MINIMUM SYSTEM 

(See Fig. 8) 

The read cycle begins in Ti with the assertion of the 
address latch enable (ALE) signal. The trailing (low going) 
edge of this signal is used to latch the address information, 

*Trade Mark of Intel Corporation, USA 



which is valid on the address/data bus (AD0-AD7) at this 
time, into the MBL 8282/8283 latch. Address lines Ag 
through A 15 do not need to be latched because they 
remain valid throughout the bus cycle. From Ti to T4 the 
lO/M signal indicates a memory or I/O operation. At T2 
the address is removed from the address/data bus and the 
bus goes to a high impedance state. The read control 
signal is also asserted at T2. The read (RD) signal causes 
the addressed device to enable its data bus drivers to the 
local bus. Some time later, valid data will be available on 
the bus and the addressed device will drive the READY 
line HIGH. When the processor returns the read signal to a 
HIGH level, the addressed device will again 3-state its bus 
drivers. If a transceiver (MBL 8286/8287) is required to 
buffer the MBL 8088 local bus, signals DT/R and DEN are 
provided by the MBL 8088. 

A write cycle also begins with the assertion of ALE and 
the emission of the address. The lO/M signal is again 
asserted to indicate a memory or I/O write operation. In 
T2, immediately following the address emission, the 
processor emits the data to be written into the addressed 
location. This data remains valid until at least the middle 
of T4. During T2, T3, and Tw,the processor asserts the 
write control signal. The write (WR) signal becomes active 
at the beginning of T2, as opposed to the read, which is 
delayed somewhat into T2 to provide time for the bus to 
float. 
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The basic difference between the interrupt acknowledge 
cycle and a read cycle is that the interrupt acknowledge 
(INTA) signal is asserted in place of the read (RD) signal 
and the address bus is floated. (See Fig. 9.) In the second 
of two successive INTA cycles, a byte of information is 
read from the data bus, as supplied by the interrupt 
system logic (i.e. MBL8259A priority interrupt con- 
troller). This byte identifies the source (type) of the 
Interrupt. It Is multiplied by four and used as a pointer 
into the interrupt vector lookup table, as described earlier. 

BUS TIMING - MEDIUM COMPLEXITY SYSTEMS 

(See Fig. 10) 

For medium complexity systems, the MN/MX pin is 
connected to GND and the MBL 8288 bus controller is 
added to the system, as well as an MBL 8282/8283 latch 
for latching the system address, and an MBL 8286/8287 
transceiver to allow for bus loading greater than the 
MBL 8088 is capable of handling. Signals ALE, DEN, and 
DT/R are generated by the MBL 8288 instead of the 
processor in this configuration, although their timing 
remains relatively the same. The MBL 8088 status outputs 
(S2, Si, and So) provide type of cycle information 
and become MBL 8288 inputs. This bus cycle information 
specifies read (code, data, or I/O), write (data or I/O), 
interrupt acknowledge, or software halt. The MBL 8288 
thus issues control signals specifying memory read or 
write, I/O read or write, or interrupt acknowledge. The 
MBL 8288 provides two types of write strobes, normal 
and advanced, to be applied as required. The normal write 
strobes have data valid at the leading edge of write. The 
advanced write strobes have the same timing as read 
strobes, and hence, data is not valid at the leading edge of 
write. The MBL 8286/8287 transceiver receives the usual 
T and OE inputs from the MBL8288's DT/R and DEN 
outputs. 

The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive from an 
MBL 8259A located on either the local bus or the system 
bus. If the master MBL8259A priority interrupt controller 
is positioned on the local bus, a TTL gate is required to 
disable the MBL 8286/8287 transceiver when reading 
from the master MBL 8259A during the interrupt acknow- 
ledge sequence and knowledge sequence and software 
"poll". 

THE MBL 8088 COMPARED TO THE MBL 8086 

The MBL 8088 CPU is an 8-bit processor designed around 
the MBL 8086 internal structure. Most internal func- 
tions of the MBL 8088 are identical to the equivalent 
MBL 8086 functions. The MBL 8088 handles the external 



bus the same way the MBL 8086 does with the distinction 
of handling only 8 bits at a time. Sixteen-bit operands are 
fetched or written in two consecutive bus cycles. Both 
processors will appear identical to the software engineer, 
with the exception of execution time. The internal 
register structure is identical and all instructions have the 
same end result. The differences between the MBL 8088 
and MBL 8086 are outlined below. The engineer who is 
unfamiliar with the MBL 8086 is referred to the MBL 
8086 Family User's Manual, Chapters 2 and 4, for func- 
tion description and instruction set information. 

Internally, there are three differences between the 
MBL 8088 and the MBL 8086. All changes are related to 
the 8-bit bus interface. 

• The queue length is 4 bytes in the MBL 8088, whereas 
MBL 8086 queue contains 6 bytes, or three words. The 
queue was shortened to prevent overuse of the bus by 
the BlU when prefetching instructions. This was 
required because of the additional time necessary to 
fetch instructions 8 bits at a time. 

• To further optimize the queue, the prefetching algo- 
rithm was changed. The MBL 8088 BlU will fetch a 
new instruction to load into the queue each time there 
is a 1 byte hole (space available) in the queue. The 
MBL 8086 waits until a 2-byte space is available. 

• The internal execution time of the instruction set is 
affected by the 8-bit interface. All 16-bit fetches and 
writes from/to memory take an additional four clock 
cycles. The CPU is also limited by the speed of 
instruction fetches. This latter problem only occurs 
when a series of simple operations occur. When the 
more sophisticated instructions of the MBL 8088 are 
being used, the queue has time to fill and the execution 
proceeds as fast as the execution unit will allow. 

The MBL 8088 and MBL 8086 are completely software 
compatible by virtue of their identical execution units. 
Software that is system dependent may not be completely 
transferable, but software that is not system dependent 
will operate equally as well on an MBL 8088 or an 
MBL 8086. 

The hardware interface of the MBL 8088 contains the 
major differences between the two CPUs. The pin 
assignments are nearly identical, however, with the follow- 
ing functional changes: 

• Ag-Ais — These pins are only address outputs on the 
MBL 8088. These address lines are latched internally 
and remain valid throughout a bus cycle in a manner 
similar to the 8085 upper address lines. 

• BHE has no meaning on the MBL 8088 and has been 
eliminated. 
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• SSO provides the SO status information in the mini- 
mum mode. This output occurs on pin 34 in minimum 
mode only. DT/R, lO/M, and SSO provide the com- 
plete bus status in minimum mode. 

• lO/M has been inverted to be compatible with the 



MCS-85'' bus structure. 

ALE is delayed by one clock cycle in the minimum 
mode when entering HALT, to allow the status to be 
latched with ALE. 



Fig. 10 - MEDIUM COMPLEXITY SYSTEM TIMING 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°C to 70°C 

Storage Temperature -65° C to +1 50° C 

Voltage on Any Pin with 

Respect to Ground -0.5 to +7V 

Power Dissipation 2.5 Watt 



*NOTE: Permanent device damage may occur if ABSO- 
LUTE MAXIMUIVI RATINGS are exceeded. 
Functional operation should be restricted to the 
conditions as detailed in the operational sections 
of this data sheet. Exposure to absolute maxi- 
mum rating conditions for extended periods may 
affect device reliability. 



D.C. CHARACTERISTICS (MBL 8088: Vcc = 5 V ± 10%, Ta = 0°C to 70°C) 
(MBL 8088-2: Vcc = 5 V ± 5%, Ta =0°Cto70°C) 
(MBL 8088-1 : Vcc = 5 V ± 5%, Ta = 0°C to 70°C) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V,L 


Input Low Voltage 


-0.5 


-H0.8 


V 




V,H 


Input High Voltage 


2.0 


Vcc + 0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


loL = 2.0 mA 


VoH 


Output High Voltage 


2.4 




V 


loH =-400 juA 


Ice 


MBL 8088 
Power Supply Current : MBL 8088-2 
MBL 8088-1 




340 
350 
360 


mA 


Ta = 25°C 


Ili 


Input Leakage Current 




±10 


ma 


OV<V,N <Vcc 


'uo 


Output Leakage Current 




±10 


mA 


0.45V <VouT< Vcc 


VcL 


Clock Input Low Voltage 


-0.5 


+0.6 


V 




VCH 


Clock Input High Voltage 


3.9 


Vcc + 1.0 


V 




^IN 


Capacitance of Input Buffer 
(All Input except 
AD0-AD7 RQ/GT) 




15 


PF 


fc=1MHz 


Cio 


Capacitance of I/O Buffer 
(AD0-AD7 RQ/GT) 




15 


PF 


fc = 1 MHz 
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A.C. CHARACTERISTICS (MBL 8088: Vcc = 5 V ± 10%, T^ = 0°C to 70°C) 

(MBL 8088-2: Vcc = 5 V ± 5%, Ta = 0°C to 70°C) 
(MBL 8088-1 : Vcc = 5 V ± 5% T^ = 0°C to 70°C) 

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 



Symbol 


Parameter 


MBL 8088 


MBL 8088-2 


MBL 8088-1 
(Preliminary) 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


TCLCL 


CLK Cycle Period 


200 


500 


125 


500 


100 


500 


ns 




TCLCH 


CLK Low Time 


118 




68 




53 




ns 


TCHCL 


CLK High Time 


69 




44 




39 




ns 


TCH1CH2 


CLK Rise Time 




10 




10 




10 


ns 


From 1 .0 V to 
3.5 V 


TCL2CL2 


CLK Fall Time 




10 




10 




10 


ns 


From 3.5 V to 
1.0 V 


TDVCL 


Data in Setup Time 


30 




20 




5 




ns 




TCLDX 


Data in Hold Time 


10 




10 




10 




ns 


TR1VCL 


RDY Setup Time 
into MBL 8284A 
(See Notes 1,2) 


35 




35 




35 




ns 


TCLR1X 


RDY Hold Time 
into MBL 8284A 
(See Notes 1,2) 

















ns 


TRYHCH 


READY Setup Time 
into MBL 8088 


118 




68 




53 




ns 


TCHRYX 


READY Hold Time 
into MBL 8088 


30 




20 




20 




ns 


TRYLCL 


READY Inactive to 
CLK (See Note 3) 


-8 




-8 




-10 




ns 


THVCH 


HOLD Setup Time 


35 




20 




20 




ns 


TINVCH 


INTR, NMI,TEST 
Setup Time 
(See Note 2) 


30 




15 




15 




ns 


TILIH 


Input Rise Time 
(Except CLK) 




20 




20 




20 


ns 


From 0.8 V to 
2.0 V 


TIHIL 


Input Fall Time 
(Except CLK) 




12 




12 




12 


ns 


From 2.0 V to 
0.8 V 
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A.C. CHARACTERISTICS (Continued) 



TIMING RESPONSES 



Symbol 


Parameter 


MBL 8088 


MBL 8088-2 


MBL 8088-1 
(Preliminary) 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


TCLAV 


Address Valid Delay 


10 


110 


10 


60 


10 


50 


ns 


CL = 20-100pFfor 
all MBL 8088 
Outputs in 
addition to interna 
internal lo&ds 


TCLAX 


Address Hold Time 


10 




10 




10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


TCLAX 


50 


10 




ns 


TLHLL 


ALE Width 


TCLCH-20 




TCLCH-10 




TCLCH-10 




ns 


TCLLH 


ALE Active Delay 




80 




50 




40 


ns 


TCHLL 


ALE Inactive Delay 




85 




55 




45 


ns 


TLLAX 


Address Hold Time to 
ALE Inactive 


TCHCL-10 




TCHCL-10 




TCHCL-10 




ns 


TCLDV 


Data Valid Delay 


10 


110 


10 


60 


10 


50 


ns 


TCHDX 


Data Hold Time 


10 




10 




10 




ns 


TWHDX 


Data Hold Time After 
WR 


TCLCH-30 




TCLCH-30 




TCLCH-25 




ns 


TCVCTV 


Control Active Delay 1 


10 


110 


10 


70 


10 


50 


ns 


TCHCTV 


Control Active Delay 2 


10 


110 


10 


60 


10 


45 


ns 


TCVCTX 


Control Inactive Delay 


10 


110 


10 


70 


10 


50 


ns 


TAZRL 


Address Float to READ 
Active 

















ns 


TCLRL 


RD Active Delay 


10 


165 


10 


100 


10 


70 


ns 


TCLRH 


RD Inactive Delay 


10 


150 


10 


80 


10 


60 


ns 


TRHAV 


RD Inactive to Next 
Address Active 


TCLCL-45 




TCLCL-40 




TCLCL-35 




ns 


TCLHAV 


HLDA Valid Delay 


10 


160 


10 


100 


10 . 


60 


ns 


TRLRH 


RD Width 


2TCLCL-75 




2TCLCL-50 




2TCLCL-40 




ns 


TWLWH 


WR Width 


2TCLCL-60 




2TCLCL-40 




2TCLCH-35 




ns 


TAVAL 


Address Valid to ALE 
Low 


TCLCH-60 




TCLCH-40 




TCLCH-35 




ns 


TOLOH 


Output Rise Time 




20 




20 




20 


ns 


From 0.8 V to 
2.0 V 


TOHOL 


Output Fall Time 




12 




12 




12 


ns 


From 2.0 V to 
0.8 V 



A.C. TESTING INPUT, OUTPUT WAVEFORM 




1 .5 -i-TEST POINTS-^ 1 .5 



0.45 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A 
LOGIC "1" AND 0.45V FOR A LOGIC "0". THE CLOCK 
IS DRIVEN AT 4.3V AND 0.25V TIMING MEASUREMENTS 
ARE MADE AT 1 .5V FOR BOTH A LOGIC "1" AND "0". 



A.C. TESTING LOAD CIRCUIT 



DEVICE 

UNDER 

TEST 



!■ 



Cl = 100 pF. 



Cl: INCLUDES JIG CAPACITANCE 
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WAVEFORMS 



BUS TIMING -MINIMUM MODE SYSTEM 



VCH 
CLK (MBL 8284A Output) 



-:'/^^^nu_jnLr^. 



TCHCTV 
lO/M, SSO 



A.9/Se-A,,/S3 
ALE 



RDY (MBL8284A Input) 
SEE NOTE 5 



READY (MBL 8088 Input) 



READ CYCLE 

(jMOTE ^)<{ 

(WR, INTA = Voh) 



AD,-AD„ 



RD 



DT/R 



T, 
-TCLCL- 



X 



X 



7 



TCLAX 



f— TLH 



-I I- 
TCH1CH2 



— TCL2CL1 J 



Ai5— Ag (Float during INTA) 



D( 



^^ 



TCLDV 






TRYLCL— j 



XIZE3Z)' 



A 



Se-Ss 



TR1VCL 



-^ I— TCLR1X 



TCHCTV TCLRL 




/■ 



^TCHRYX 



\ 



TDVCL- 



DATA I 



EH 



TCVCTV 



TCLCH 



xz: 



X 



X 



/ 




c 



TCHCTV 
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WAVEFORMS (Continued) 



BUS TIMING - MINIMUM MODE SYSTEM (Continued) 



CLK (MBL 8284A Output) 
^CL- 



AD, -ADo 



WRITE CYCLE 

NOTE 1 

(RD, INTA, DT/R = Vqh ) 



INTA CYCLE 

NOTES 1, 3 S 

(RD,WR=Voh) 



SOFTWA RE HALT - 

DEN^RD, WR, INTA = Vqh ^^^ -^^o 

DT/R INDETERMINATE 



AD,-ADo 



TCH1CH2H 



"•"3 Tyv 



- U 1 [^TCL2CL1/ 




INVALID ADDRESS SOFTWARE HALT 



NOTES: 1. ALLSIGNALSSWITCHBETWEEN Vqh AND Vol UNLESS OTHERWISE 
SPECIFIED. 

2. RDY IS SAMPLED NEAR THE END OF T^, T3. Tyv TO DETERMINE IFTw 
MAC HINES STATES ARE TO BE INSERTED. 

3. TWO INTA CYCLES RUN BACK-TO -BAC K. THE MBL 8088 LOCAL ADDR/DATA 
BUS IS FLOATING DURING BOT H INT A CYCLES. CONTROL SIGNALS 

ARE SHOWN FOR THE SECOND INTA CYCLE. 

4. SIGNALS AT MBL 8284A ARE SHOWN FOR REFERENCE ONLY. 

5. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE 
NOTED. 
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A.C. CHARACTERISTICS (Continued) 



MAX MODE SYSTEM (USING MBL 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 












Symbol 


Parameter 


MBL 8088 


MBL 8088-2 


MBL 8088-1 
(Preliminary) 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


TCLCL 


CLK Cycle Period 


200 


500 


125 


500 


100 


500 


ns 




TCLCH 


CLK Low Time 


118 




68 




53 




ns 


TCHCL 


CLK High Time 


69 




44 




39 




ns 


TCH1CH2 


CLK Rise Time 




10 




10 




10 


ns 


From 1 .0 V to 
3.5 V 


TCL2CL1 


CLK Fall Time 




10 




10 




10 


ns 


From 3.5 V to 
1.0 V 


TDVCL 


Data in Setup Time 


30 




20 




5 




ns 




TCLDX 


Data in Hold Time 


10 




10 




10 




ns 


TR1VCL 


RDY Setup Time 
into MBL 8284A 
(See Notes 1,2) 


35 




35 




35 




ns 


TCLR1X 


RDY Hold Time 
into MBL 8284A 
(See Notes 1.2) 

















ns 


TRYHCH 


READY Setup Time 
into MBL 8088 


118 




68 




53 




ns 


TCHRYX 


READY Hold Time 
into MBL 8088 


30 




20 




20 




ns 


TRYLCL 


READY Inactive to 
CLK (See Note 2) 


-8 




-8 




-10 




ns 


TINVCH 


Setup Time for 
Recognition 
(INTR, NMLTEST) 
(See Note 2) 


30 




15 




15 




ns 


TGVCH 


RQ/GT Setup Time 


30 




15 




12 




ns 


TCHGX 


RQ Hold Time 
into MBL 8086 


40 




30 




20 




ns 


TILIH 


Input Rise Time 
(Except CLK) 




20 




20 




20 


ns 


From 0.8 V to 
2.0 V 


TIHIL 


Input Fall Time 
(Except CLK) 




12 




12 




12 


ns 


From 2.0 V to 
0.8 V 
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A.C. CHARACTERISTICS (Continued) 



TIMING RESPONSES 



Symbol 


Parameter 


MBL 8088 


MBL 8088-2 


MBL 8088-1 
(Preliminary) 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


TCLML 


Command Active Delay 
(See Note 1 ) 


10 


35 


10 


35 


10 


35 


ns 




TCLMH 


Command Inactive 
Delay (See Note 1) 


10 


35 


10 


35 


10 


35 


ns 


CL=20-100pFfor 
all MBL 8088 
Outputs in 
addition to 
internal loads 


TRYHSH 


READY Active to Status 
Passive (See Note 3) 




110 




65 




45 


ns 


TCHSV 


Status Active Delay 


10 


110 


10 


60 


10 


45 


ns 


TCLSH 


Status Inactive Delay 


10 


130 


10 


70 


10 


55 


ns 


TCLAV 


Address Valid Qelay 


10 


110 


10 


60 


10 


50 


ns 


TCLAX 


Address Hold Time 


10 




10 




10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


TCLAX 


50 


10 


40 


ns 


TSVLH 


Status Valid to ALE 
High (See Note 1) 




15 




15 




15 


ns 


TSVMCH 


Status Valid to MCE 
High (See Note 1) 




15 




15 




15 


ns 


TCLLH 


CLK Low to ALE 
Valid (See Note 1) 




15 




15 




15 


ns 


TCLMCH 


CLK Low to MCE 
High (See Note 1) 




15 




15 




15 


ns 


TCHLL 


ALE Inactive Delay 
(See Note 1) 




15 




15 




15 


ns 


TCLMCL 


MCE Inactive Delay 
(See Note 1) 




15 




15 




15 


ns 


TCLDV 


Data Valid Delay 


10 


110 


10 


60 


10 


50 


ns 


TCHDX 


Data Hold Time 


10 




10 




10 




ns 


TCVNV 


Control Active Delay 
(See Note 1) 


5 


45 


5 


45 


5 


45 


ns 


TCVNX 


Control Inactive Delay 
(See Note 1) 


10 


45 


10 


45 


10 


45 


ns 


TAZRL 


Address Float to Read 
Active 

















ns 


TCLRL 


RD Active Delay 


10 


165 


10 


100 


10 


70 


ns 


TCLRH 


RD Inactive Delay 


10 


150 


10 


80 


10 


60 


ns 


TRHAV 


RD Inactive to Next 
Address Active 


TCLCL-45 




TCLCL-40 




TCLCL-35 




ns 


TCHDTL 


Direction Control 
Active Delay 
(See Note 1) 




50 




50 




50 


ns 


TCHDTH 


Direction Control 
Inactive Delay 
(See Note 1 ) 




30 




30 




30 


ns 


TCLGL 


GT Active Delay 




85 




50 





45 


ns 


TCLGH 


GT Inactive Delay 




85 




50 





45 


ns 


TRLRH 


RD Width 


2TCLCL-75 




2TCLCL-50 




2TCLCL-40 




ns 


TOLOH 


Output Rise Time 




20 




20 




20 


ns 


From 0.8 V to 
2.0 V 


TOHOL 


Output Fall Time 




12 




12 




12 


ns 


From 2.0 V to 
0.8 V 



NOTES: 

1. Signal at MBL 8284A or MBL 8288 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to Tj state (8 ns into T3 state). 
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WAVEFORMS (Continued) 



BUS TIMING-MAXIMUM MODE SYSTEM (USING MBL 8288) 



VCH 



CLK 



VcL 



.T^^^ 



TCLAV— 



QSo,QS, 
S^,S',,S'o (EXCEPT HALT) 

A„/S,,A„/S3 



\ 



ALE (MBL 8288 
OUTPUT) 



TSVLH- 
TCLLH-" 



SEE NOTE 5 < 



RDY(MBL8284A 
INPUT) 



READY (MBL 8088 INPUT) ^ 
READ CYCLE TCLAV—J 

AD,-ADo 



T, 
-TCLCL- 



X 



TCHSV 



T, T3 T, 

L -^ ^_J ^ Tw 

, . TCH1CH2[_-] TCL2CLV-(H% ,> 



^TCLAV 



XjZ^ 



X 



X 



^15 ^8 



/ 



:tk 



\ 



TCLDV 
TCLAX 



RD 



DT/R 



TCHDTL 



TAZRL— 



MBL 8288 
OUTPUTS 
SEE NOTES 5,6 



A 



y 



(SEE NOTE 8) \ 



S6-S3 



— TR1VCL 




A. 



X 



TCLCH 



X 



TCLAX 

TCLAZ H^-TDVCL 



TRYHCH 



/ 



TCLDX 



MRDC 

OR lORC 



DEN 




TCLRH 



TCLMH^ 



■TCVNV 
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WAVEFORMS (Continued) 



BUS TIMING-MAXIMUM MODE SYSTEM (USING MBL 8288) 



$2,8,. So (EXCEPT HALT) 

WRITE CYCLE TCLAV 

AD,-ADo 



MBL 8288 OUTPUTS 
SEE NOTE 5,6 



MBL 8288 OUTPUTS 
SEE NOTES 5,6 



SOFTWARE 




(SEE NOTES 3,4) 



H 



HALT- (DEN=Vot:; RD, MRDC, lORC, MWTC, AMWC, IOWC,"iNTA, DT/R = Vqh) 
AD,-ADo , A.s-Ag 



■^ 



INVALID ADDRESS 



TCLAV 



S..S.,So 



"V 



y 



NOTES: 



UNLESS OTHERWISE SPECIFIED. 

TO DETERMINE IF T^ MACHINES STATES ARE TO 



1. ALL SIGNALS SWITCH BETWEEN Vqh AND Vo^ 

2. RDY IS SAMPLED NEAR THE END OF T,, T,, T^, 
BE INSERTED. 

3. CASC ADE A DDRESS IS VALID BETWEEN FIRST AND SECOND INTA CYCLES. 

4. TWO INTA CYC LES RUN BACK-TO-BACK. THE MBL 8088 LOCAL ADDR/DATA BUS IS FLOA TING 
DURING BOTH INTA CYCLES. CONTROL FOR POINTER ADDRESS IS SHOWN FOR SECOND INTA 
CYCLE. 

5. SIGNALS AT MBL 8284A OR MBL 8288 ARE SHOWN FOR REFERENCE O NLY. 

6. THE I SSUANCE OF THE MBL 8288 COMMAND AND CONTROL SIGNALS (MRDC, MWTC, AMWC, lORC, 
lOWC, AlOWC, INTA AND DEN) LAGS THE ACTIVE HIGH MBL 8288 CEN. 

7. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 

8. STATUS INACTIVE IN STATE JUST PRIOR TO T^. 
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WAVEFORMS (Continued) 



ASYNCHRONOUS SIGNAL RECOGNITION 



CLK 



y Signal 



i 



I^TINVCH (see note 1) 



NMI 

INTR 

TEST 



NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRONOUS 
SIGNALS ONLY TO GUARANTEE RECOGNITION 
AT NEXT CLK 



BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 



Any CLK Cycle Any CLK Cycle 

1 



^^^""^v_^ 



LOCK 



f 



RESET TIMING 

-• >50 jusec 




>4 CLK CYCLES 



A,9/S6-A,,/S3 

AD^-ADo 
S,.S,.So. 



RD, LOCK 



REQUEST/GRANT SEOUENCE TIMING (MAXIMUM MODE ONLY) 



Any CLK Cycle > O-CLK Cycle 




r\- 



-TGVCH __ 
^TCHGX^ 



\ PULSE 1 /— 

> COPROCESSOR f 

A "° A 




(SEE NOTED 



NOTE: 1. THE COPROCESSOR MAY NOT DRIVE THE BUSSES OUTSIDE 
THE REGION SHOWN WITHOUT RISKING CONTENTION. 
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HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 



HOLD 



HLDA 



A19/S6-A16/S3 

A 15- As' 

AD7-AD0 

RD,WR,DT/R- 

DEN,IO/M 



^1 CLK CYCLE 



1 OR 2 CYCLES 
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TABLE 2 - INSTRUCTION SET SUMMARY* 



DATA TRANSFER 
MOV = Move: 

Register/memory to/fi 

o register/memot 



regist 









Register 

XCHG = 

Register, 
Register 

IN = Inp 



XLAT = Translate byte to AL 
LEA = Load EA to register 
LDS = Load pointer to DS 
LES = Load pointer to ES 
LAHF= Load AH with flags 
SAHF = Store AH into flags 
PUSHF = Push flags 
POPF= Pop flags 



ARITHMETIC 




ADD = Add 






Reg./memor 


ywit 


h register to e 


Immediate t 


oreg 


ster/memory 




a accumulator 


ADC = Add 


with 


carry. 


Reg./memor 


ywit 


h register to e 



54321076543210765432107654321 



1 1 d w 


mod reg r/m 




1 1 1 1 w 


mod r/m 


data data if w=1 | 


1 1 1 w reg 


data 


dataif vv"1 


1 1 000 Ow 


addr-low 


addr-high 


1 1 1 w 


addr-low 


addr-high 


10 1110 


modO reg r/m 




10 1 10 


modO reg r/m 





10 1 00] 



JJ^ 




8210765432107 65432107654321 



NEG=Change sign 

CMP = Compare: 

Register/memory and register 
Immediate with register/memory 

AAS =ASCII adjust for subtract 
DAS = Decimal adjust for subtract 
MUL=IVIultiply (unsigned) 
IMUL=lnteger multiply (signed) 
AAM=ASCII adjust for multiply 
DIV = Divide (unsigned) 
IDIV = lnteger divide (signed) 
AAD=ASCII adjust for divide 
CBW = Convert byte to word 
CWD=Convert word to double wor 



LOGIC 

NOT =lnvert 

SHL/SAL = Shift logical/arithmetic left 

SHR = Shift logical right 

SAR = Shift arithmetic right 

ROL = Rotate left 

ROR =Rotate right 

RCL = Rotate through carry flag left 

RCR = Rotate through carry flag right 

AND = And: 

Reg./memory and register to either 
Immediate to register/memory 



{1 


1 1 1 


1 1 w|mo 


dOO 1 






1 


-7^ 








1 1 


1 1 w mo 


dO 1 1 


r/m 1 




1 1 1 1 01 1 w 


mod 10 r/m 


1 1 1 V w 


mod 10 r/m 


1 1 1 V w 


mod 1 1 r/m 


1 1 1 00 V w 


mod 1 1 1 r/m 


1 1 1 00 V w 


mod i/m 




mod 1 r/m 


1 1 1 V w 


mod 1 r/m 


1 1 1 V w 


mod 1 1 r/m 



|0 1 d w 


mod reg r/m 




|1 w 


mod 1 r/m 




10 1 1 w 


data 


dataifv^l 1 



:o flags, no resul 

jister/memory 



XOR = Exclusive or; 



Li 1 w 


mod reg r/m 


11 1 1 1 1 1 w 


mod r/m data | data if w=.1 | 


h 1 1 OOw 


data dataifv»=1 | 



lO 1 d w 


mod reg r/m 




|1 OOOOOOw 


mod 1 r/m 


data 1 dataifw=1 | 


|0 1 1 w 


data 


dataifw=1 1 



|0 1 1 d w 


mod reg r/m | 




mod 1 1 r/m | data 1 data if w=1 | 


|0 1 1 1 w 


data 1 dataifw=1 | 



SUB = Subtract: 



1 register/memory 



SBB = Subtract witi 

Reg./memory and r< 



LO 1 1 d w^ 


mod reg r/m 


|1 s w 


mod 10 1 r/m data | dataifs:w=01 | 


|0 1 1 1 w 


data dataifw=1 1 



STRING MANIPULATION 

REP = Repeat 

MOVS = Move byte/word 

CMPS = Compare byte/word 

SCAS = Scan byte/word 

LODS = Load byte/wd to AL/AX 

STOS = Store byte/wd from AL/A 



1 1 1 1 1 z 


u: 


1 w 




001 1w 




1 1 1 w 


1 


1 1 w 




1 1 w 



*Mnemonics © Intel Corporation, 1978 
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TABLE 2 - INSTRUCTION SET SUMMARY (Continued)* 



CONTROL TRANSFER 
CALL -Call: 

Direct within segment 
Indirect within segment 
Direct intersegment 

Indirect intersegment 

JMP = Unconditional Jump: 

Direct within segment 
Direct within segment-short 
Indirect within segment 
Direct intersegment 

Indirect intersegment 

RET = Return from CALL: 

Within segment 

Within seg, adding immed, to SP 

Intersegment 

Intersegment, adding immediate t 

JE/JZ = Jump on equal /zero 

JL/JNGE = Jump on less/not greater 

JLE/JNG = Jump 

JB/JMAE = Jump 

above or equal 

JBE/JNA = Jump 

equal /not above 

JP/JPE = Jump on parity/parity eve 

JO - Jump on overflow 

JS= Jump on sign 

JNE/JNZ = Jump on not equal/not 

JNL/JGE = Jump o 
or equal 

JNLE/JG = Jump o 
or equal/greater 



less or equal /not 
below/not 
below or 



7 6 5 4 3 2 10 


7 6 5 4 3 2 10 


7 


6 5 4 3 2 1 





11 1 1 1 


disp-low 


disp-high 1 


11 1 11 1 1 1 1 


mod 10 r/m 




|1 1 1 1 


offset-low 


offset-high 1 




sag-low 


seg-high | 


|1 1 1 1 1 1 1 1 [mod Oil r/m 









|1 1 1 1 1 


disp-low 


disp-high 1 


1110 10 11 


disp 




11111111 


mod 1 r/m 




1110 10 10 


offset-low 


offset-high ) 




seg-low 


seg-high | 


l1 1 1 1 1 1 1 1 


mod 10 1 r/m 





|1 1 1 1 I 




KL 



KL 



[EL 
(oZ 

ss /greater |0 1 



[OJ 



I 1 0| ~ 



1 1 1 or 



I 0[ 



1 0| 



10 10 11' 



1110 11 



I 1 1 1 1l 



n not below/ 

n not below or 

I not par/par odd 
overflow 



JNB/JAE ■= Jump 

above or equal 

JNBE/JA = Jump 

equal /above 

JNP/JPO=Jump( 

JNO = Jump on m 

JNS = Jump on not sign 

LOOP = Loop CX times 

LOOPZ/LOOPE = Loop while 

zero/equal 

LOOPNZ/LOOPNE = Loop while n 

zero/equal 

JCXZ = Jump on CX zero 

INT = Interrupt 

Type specified 

Types 

INTO = Interrupt on overflow 

IRET = Interrupt return 

PROCESSOR CONTROL 

CLC = Clear carry 

CMC = Complement carry 

STC = Set carry 

CLD = Clear direction 

STD = Set direction 

CLI= Clear interrupt 

STI = Set interrupt 

HLT=Halt 

WAIT = Wait 

ESC= Escape (to external device) 

LOCK = Bus lock prefix 

NOP= No operation 



7654321 07654321 
[011100111 dIsp 



|0 1 1 1 1 



[TE 



10 1 1 1 1 



110 10 



110 oTf 



1 ol 



|1 1 1 1 1| 




Footnotes : 

AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value 

Greater = more positive 

Less = less positive (more negative) signed values 

if d = 1 then "to" reg; if d = then "from" reg 

if w = 1 then word instruction; if w = then byte 



if mod = 1 1 then r/m is treated as a REG field 

if mod = 00 then DISP = 0*, disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent 

if mod = 10 then DISP = disp-high: disp-low 

if r/m = 000 then EA = (BX) -^ (SI) -H DISP 

if r/m = 001 then EA = (BX) + (Dl) + DISP 

if r/m = 010 then EA = (BP) -KSI) -i- DISP 

if r/m = 011 then EA = (BP) -i- (Dl) -f DISP 

if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (Dl) + DISP 

if r/m = 1 10 then EA = (BP) -l- DISP* 

if r/m = 111 then EA=(BX)-i- DISP 

DISP follows 2nd byte of instruction (before data if required) 



if s:w = 01 then 16 bits of immediate data form the operand, 
if s:w =11 then an immediate data byte is sign extended to 

form the 16-bit operand, 
if V = then "count" = 1 ; if v = 1 then "count" in (CD 
X = don't care 

z is used for string primitives for comparison with ZF FLAG 
SEGMENT OVERRIDE PREFIX 
|0 1 reg 1 1 ol 

REG is assigned according to the following table: 




16-Bit [w-'ll 8-Bit [w 



000 AX 


000 AL 


00 ES 


001 CX 


001 CL 


01 CS 


010 DX 


010 DL 


10 SS 


Oil BX 


Oil BL 


11 DS 


100 SP 


100 AH 




101 BP 


101 CH 




110 SI 


110 DH 




111 Dl 


111 BH 





Instructions which reference the flag register file i 
the symbol FLAGS to represent the file: 



a 16-bit object use 



FLAGS =X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 



'except If mod = 00 and r/m = 1 10 then EA = disp-high: disp-low 



*Mnemonics © Intel Corporation, 1978 
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PACKAGE ILLUSTRATION 



CERAMIC PACKAGE 
{METAL SEAL) 




PACKAGE DIMENSIONS (Suffix: -C) 



40-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-40C-A01) 



R.050(1.27) 
REF. 



^) 



INDEX 
AREA 



O 



1.980(50.29) 



2.020(51.31) 



ir 



060(1. 52)MAX 




.090(2.29) 



.110(2.79) 



.036(0.91) 



.015(0.38) 



.023(0.58) 



1.900(48.26)REF 



.585(14.86) 

.605(15.38) 

.590(14.99) 
.610(15.49) 



-^ 




.012(0.30) 




,177(4.50)MAX 



.120(3.05) 
.150(3.81) 



.040(1.02) 
.060(1.52) 



Dimensions in 
inches (millinrieters) 
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PACKAGE ILLUSTRATION 




PACKAGE DIMENSIONS (Suffix: P) 



40-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-40P-M01) 



nnnnnnnnnnnnnnnnnnnn 



0°~15° 




.533(13.54) 

.553(14.05) 

.590(14.99) 
.610(15.49) 



2.071(52.60) 



-.090(2.29)MAX 



.070(1.78) 



021 (0.53) 




195(4.96)MAX 



118(3.00)MIN 



,020(0.51 )MIN 



H 



Dimensions in 
inches (millimeters) 
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NMOS 8&16-BIT 
I/O PROCESSOR 



MBL 8089 
MBL 8089-2 



April 1985 
Edition 3.0 

NMOS 8 & 16-BIT I/O PROCESSOR 

The Fujitsu MBL 8089 is a revolutionary concept in nfiicroprocessor input/output processing. Packaged in a 40-pin DIP 
package. MBL 8089 is a high performance processor implemented in N-channel, depletion load silicon gate technology 
(NMOS)- The MBL 8089's instruction set and capabilities are optimized for high speed, flexible and efficient I/O handling. It 
allows easy interface of Fujitsu's 16-bit MBL 8086 and 8-bit MBL 8088 microprocessors with 8- and 16-bit peripherals. In the 
REMOTE configuration, MBL 8089 bus is user definable allowing it to be compatible with any 8/1 6-bit Fujitsu microprocessor, 
interfacing easily to the Fujitsu multiprocessor system bus standard MULTIBUS*. 

The MBL 8089 performs the function of an intelligent DMA controller for the MBL 8086, 88 family and with its processing 
power, can remove I/O overhead from the MBL 8086 or MBL 8088. It may operate completely in parallel with a CPU, giving 
dramatically improved performance in I/O intensive applications. MBL 8089 provides two I/O channels, each supporting a 
transfer rate up to 1.25 Mbyte/sec (2.00 Mbyte/sec) at the standard clock frequency of 5 MHz(8 MHz). Memory based com- 
munication between the I OP and CPU enhances system flexibility and encourages software modularity, yielding more reliable, 
easier to develop systems. 



High Speed DMA Capabilities Including I/O to 
Memory, Memory to I/O, Memory to Memory, 
and I/O to I/O 

MBL 8086, MBL 8088 Compatible: Removes I/O 
Overhead from CPU in iAPX 86/11 or 88/11 
Configuration 

Allows Mixed Interface of 8- & 16-Bit Peripherals, 
to 8- & 16-Bit Processor Busses 
1 Mbyte Addressability 



• Memory Based Communication with CPU 

• Supports LOCAL or REMOTE I/O Processing 

• Flexible, Intelligent DMA Functions Including 
Translation, Search, Word Assembly/Disassembly 

• MULTIBUS* Compatible System Interface 

• Two Clock Rates: 

5 MHz for MBL 8089 
8 MHz for MBL 8089-2 

• 40-pin Ceramic DIP (Suffix -C) 



Fig. 1 - BLOCK DIAGRAM 



Fig. 2 - PIN CONFIGURATION 



I/O CHANNEL 1 



DMA 
TERMINATE1 



CHANNEL 
CONTROL 



REGISTER 
FILE 



I/O CHANNEL 2 



DMA 
TERMINATE2 











CHANNEL 
CONTROL 












REGISTER 
FILE 











<^ 



MAIN 
CONTROL 



BUS 

CONTROL 

AND 

BITRATION 



H 



3E 



ASSEMBLY/ 
DISASSEMBLY 



INSTRUCTION 
FETCH UNIT 



<^ 



ADDRESS/ 
DATA 



VssC 

A14/D14C 

A13/D13C 

A12/D12C 

A11/D11C 

A10/D10C 

A9/D9C 

A8/D8C 

A7/D7C 

A6/D6C 

A5/D5C 

A4/D4I 

A3/D3I 

A2/D2I 

A1/D1I 

AO/DOI 

SINTR-11 

SINTR-21 

CLK 



8 33 

9 32 

10 MBL 31 

11 ^°^^ 30 
12 



C 19 



40pVcc 

A15/D15 
DA16/S3 
DA17/S4 
Dai 8/85 
3A19/S6 
3BHE 
DEXT1 
DEXT2 
DDRQ1 
DDRQ2 



28DS2 

Dsi 

Dso 

Drq/gt 

24 3SEL 



22 3R 



EADY 

Dreset 



*Trade Mark of Intel Corporation, USA 
Portions Reprinted by pernnission of Intel Corporation 
© Intel Corporation, 1980 
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Table 1 - PIN DESCRIPTION 



Symbol 


Type 


Name and Function 


A0-A15/ 
D0-D15 


I/O 


Multiplexed Address and Data Bus: The 

functions of these lines are defined by the 
state of SO, SI and S2 lines. The pins are 
floated after reset and when the bus Is not 
acquired. A8— A15 are stable on transfers to 
a physical 8-bit data bus (same bus as 
MBL 8088), and are multiplexed with 
data on transfers to a 16-bit physical bus. 


A16-A19/ 
S3-S6 





Address and Status: Multiplexed most 
significant address lines and status in- 
formation. The address lines are active 
only when addressing memory. Other- 
wise, the status lines are active and are 
encoded as shown below. The pins are 
floated after reset and when the bus is 
not acquired. 

S6 S5 S4 S3 

110 DMA cycle on CHI 
110 1 DMA cycle on CH2 

1110 Non-DMA cycle on CHI 

1111 Non-DMA cycle on CH2 


BHE 





Bus High Enable: The Bus High Enable 
is used to enable data operations on the 
most significant half of the data bus (D8— 
D1 5). The signal is active low when a byte is 
to be transferred on the upper half of the 
data bus. The pin is floated after reset and 
when the bus is not acquired. BHE does not 
have to be latched. 


S6,Si,S2 





Status: These are the status pins that define 
the lOP activity during any given cycle. 
They are encoded as shown below: 

S2S1S0 

Instruction fetch; I/O space 
1 Data fetch; I/O space 
1 Data store; I/O space 

1 1 Not used 

1 Instruction fetch; System 

Memory 
1 1 Data fetch; System Memory 
1 1 Data store; System Memory 
1 1 1 Passive 

The status lines are utilized by the bus 
controller and bus arbiter to generate all 
memory and I/O control signals. The signals 
change during T4 if a new cycle is to be 
entered while the return to passive state in 
T3 or Tyy indicates the end of a cycle. The 
pins are floated after system reset and when 
the bus is not acquired. 


READY 


1 


Ready: The ready signal received from 
the addressed device indicates that the 
device is ready for data transfer. The signal 
is active high and is synchronized by the 
MBL 8284A clock generator. 



Symbol 


Type 


Name and Function 


LOCK 





Lock: The lock output signal indicates to 
the bus arbiter that the bus is needed for 
more than one continuous cycle. It is set via 
the channel control register, and during the 
TSL instruction. The pin floats after reset 
and when the bus is not acquired. This out- 
put is active low. 


RESET 


1 


Reset: The receipt of a reset signal causes 
the lOP to suspend all its activities and enter 
an idle state until a channel attention is 
received. The signal must be active for at 
least four clock cycles. 


CLK 


1 


Clock: Clock provides all timing needed for 
internal lOP operation. 


CA 


1 


Channel Attention: Gets the attention of 
the lOP. Upon the falling edge of this signal, 
the SEL input pin is examined to determine 
Master/Slave or CH1/CH2 information. 
This input is active high. 


SEL 


1 


Select: The first CA received after system 
reset informs the lOP via the SEL line, 
whether it is a Master or Slave (0/1 for 
Master/Slave respectively) and starts the 
initialization sequence. During any other 
CA the SEL line signifies the selection of 
CH1/CH2. (0/1 respectively.) 


DRQ1-2 


1 


Data Request: DMA request inputs which 
signal the lOP that a peripheral is ready to 
transfer/receive data using channels 1 or 2 
respectively. The signals must be held active 
high until the appropriate fetch/stroke is 
initiated. 


RQ/GT 


I/O 


Request Grant: Request Grant implements 
the communication dialogue required to 
arbitrate the use of the system bus (between 
lOP and CPU, LOCAL mode) or I/O bus 
when two lOPs share the same bus (RE- 
MOTE mode). The RQ/GT signal is active 
low. An internal pull-up permits RQ/GT 
to be left floating if not used. 


SINTR1-2 





Signal Interrupt: Signal interrupt outputs 
from channels 1 and 2 respectively. The 
interrupts may be sent directly to the CPU 
or through the MBL8259A interrupt con- 
troller. They are used to indicate to the 
system the occurrence of user defined 
events. 


EXT1 -2 


1 


External Terminate: External terminate 
inputs for channels 1 and 2 respectively. 
The EXT signals will cause the termination 
of the current DMA transfer operation if the 
channel is so programmed by the channel 
control register. The signal must be held 
active high until termination is complete. 


Vcc 




Voltage: +5 volt power input. 


Vss 




Ground. 
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FUNCTIONAL DESCRIPTION 

The MBL 8089 lOP has been designed to remove I/O process- 
ing, control and high speed transfers from the central pro- 
cessing unit. Its major capabilities include that of initializing 
and maintaining peripheral components and supporting versa- 
tile DMA. This DMA function boasts flexible termination 
conditions (such as external terminate, mask compare, single 
transfer and byte count expired). The DMA function of the 
MBL 8089 lOP uses a two cycle approach where the 
information actually flows through the MBL 8089 lOP. This 
approach to DMA vastly simplifies the bus timings and 
enhances compatibility with memory and peripherals, in 
addition to allowing operations to be performed on the data 
as it is transferred. Operations can include such constructs as 
translate, where the MBL 8089 automatically vectors 
through a lookup table and mask compare, both on the 
"fly". 

The MBL 8089 is functionally compatible with Fujitsu's 
MBL 8086, MBL 8088 family. It supports any combination 
of 8/16-bit busses. In the REMOTE mode it can be used to 
complement other Intel processor families. Hardware and 
communication architecture are designed to provide simple 
mechanisms for system upgrade. 

The»only direct communication between the lOP and CPU is 
handled by the Channel Attention and interrupt lines. Status 
information, parameters and task programs are passed via 
blocks of shared memory, simplifying hardware interface and 
encouraging structured programming. 

The MBL 8089 can be used in applications such as file and 
buffer management in hard disk or floppy disk control. It 
can also provide for soft error recovery routines and scan 



control. CRT control, such as cursor control and auto 
scrolling. Is simplified with the MBL 8089. Keyboard 
control, communication control and general I/O are just a 
few of the typical applications for the MBL 8089. 

Remote and Local Modes 

Shown in Figure 3 is the MBL 8089 in a LOCAL configura- 
tion. The MBL 8086 (or MBL 8088) is used in its maximum 
mode. The MBL 8089 and MBL 8086 reside on the same 
local bus, sharing the same set of system buffers. Peripheral 
located on the system bus can be addressed by either the 
MBL 8086 or the MBL 8089. The MBL 8089 j;equests the 
use of the LOCAL bus by means of the RQ/GT line. This 
performs a similar function to that of HOLD and HLDAon 
the Intel 8085A, 8080A and MBL 8086 minimum mode but 
is implemented on one physical line. When the MBL 8086 
relinquishes the system bus, the MBL 8089 used the 
same bus control, latches and transceiver components to 
generate the system address, control and data lines. This 
mode allows a more economical system configuration at the 
expense of reduced CPU thruput due to lOP bus utilization. 
A typical REMOTE configuration is shown in Figure 4. In 
this mode, the lOP's bus is physically separated from the 
system bus by means of system buffers/latches. The lOP 
maintains its own local bus and can operate out of local or 
system memory. The system bus interface contains the 
following components: 

• Up to three MBL 8282 buffer/latches to latch the address 
to the system bus. 

• Up to two MBL 8286 devices bidirectionally buffer the 
system data bus. 



Fig. 3 . 



TYPICAL iAPX 86/11,88/11 CONFIGURATION WITH MBL 8089 
IN LOCAL MODE, MBL 8088, MBL 8086 IN MAX MODE 




NOTE ONLY ONE LATCH IS NEEC 
ADDRESSING IS USED, ONI 
PHYSICAL 8-BIT DATA BUS (MBI 
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• An MBL 8288 bus controller supplies t he cont rol signals 
necessary for buff er operation as well as MR DC (Memory 
Read) and MWTC (Memory Write) signals. 

• An MBL 8289 bus arbiter performs all the functions 
necessary to arbitrate the use of the system bus. This is 
used in place of the RQ/GT logic in the LOCAL mode. 
This arbiter decodes type of cycle information from the 
MBL 8089 status lines to determine if the lOP desires 
to perform a transfer over the "common" or system bus. 

The peripheral device PERI and PER2 are supported on their 
own data and address bus, the MBL 8089 communicates with 
the peripherals without affecting system bus operation. 
Optional buffers may be used on the local bus when 
capacitive loading conditions so dictate. I/O programs and 
RAM buffers may also reside on the local bus to further 
reduce system bus utilization. 

COMMUNICATION MECHANISM 

Fundamentally, communication between the CPU and lOP 
is performed through messages prepared in shared memory. 
The CPU can cause the MBL 8089 to execute a program by 
placing it in the MBL 8089's memory space and/or directing 
the MBL 8089's attention to it by asserting a hardware Chan- 
nel Attention (CA) signal to the lOP, activating the proper 
I/O channel. The SEL Pin indicates to the lOP which channel 



is being addressed. Communication from the lOP to the 
processor can be performed in a simillar manner via a system 
interrupt (SINTR-1,2), if the CPU has enabled interrupts for 
this purpose. Additionally, the MBL 8089 can store messages 
in memory regarding its status and the status of any 
peripherals. This communication mechanism is supported by 
a hierarchical data structure to provide a maximum amount of 
flexibility of memory use with the added capability of 
handling multiple lOP's. 

Illustrated in Figure 5 is an overview of the communication 
data structure hierarchy that exists for the MBL 8089 I/O 
processor. Upon the first CA from RESET, if the lOP is 
initialized as the BUS MASTER, 5 bytes of information are 
read into the MBL 8089 starting at location FFFF6 (FFFF6, 
FFFF8-FFFFB) where the type of system bus (16-bit or 
8-bit) and pointers to the system configuration block are 
obtained. This is the only fixed location the MBL 8089 
accesses. The remaining addresses are obtained via the data 
structure hierarchy. The MBL 8089 determines addresses in 
the same manner as does the MBL 8086; i.e., a 16-bit reloca- 
tion pointer is offset left 4 bits and added to the 16-bit 
address offset, obtaining a 20-bit address. Once these 20-bit 
addresses are formed, they are stored as such as all the 
MBL 8089 address registers are 20 bits long. After the system 
configuration pointer address is formed, the MBL 8089 lOP 
accesses the system configuration block. 



I 
i 

H 



Fig. 4- TYPICAL REMOTE CONFIGURATION 
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Fig. 5 - COMMUNICATION DATA STRUCTURE 
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The System Configuration Block (SCB), used only during 
startup, points to the Control Block (CB) and provides lOP 
system configuration data via the SOC byte. The SOC byte 
initializes lOP I/O bus width to 8/16, and defines one of two 
lOP RQ/GT operating modes. For RQ/GTmodeO, the lOP is 
typically initialized as SLAVE and has its RQ/GT line tied to 
a MASTER CPU (typical LOCAL configuration). In this 
mode, the CPU normally has control of the bus, grants con- 
trol to the lOP as needed, and has the bus restored to it upon 
lOP task completion (lOP request-CPU grant-lOP done). 
For RQ/GT mode 1, useful only in remote mode between 
two lOPs, MASTER/SLAVE designation is used only to 
initialize bus control: from then on, each lOP requests and 
grants as the bus is needed (I0P1 request-IOP2 grant-IOP2 
request— I0P1 grant). Thus, each lOP retains bus control 
until the other requests it. The completion of initialization is 
signalled by the lOP clearing the BUSY flag in the CB. This 
type of startup allows the user to have the startup pointers in 
ROM with the SCB in RAM. Allowing the SCB to be in RAM 
gives the user the flexibility of being able to initialize multi- 
ple lOPs. 

The Control Block furnishes bus control initialization for the 
lOP operation (CCW or Channel Control Word) and provides 
pointers to the Parameter Block or "data" memory for both 
channels 1 and 2. The CCW is retrieved and analyzed upon all 
CA's other than the first after a reset. The CCW byte is de- 
coded to determine channel operation. 

The Parameter Block contains the address of the Task Block 
and acts as a message center between the lOP and CPU. 
Parameters or variable information is passed from the CPU to 
its I OP in this block to customize the software interface to 
the peripheral device. It is also used for transferring data and 
status information between the lOP and CPU. 



The Task Block contains the instructions for the respective 
channel. This block can reside on the local bus of the lOP, 
allowing the lOP to operate concurrently with the CPU, or 
reside in system memory. 

The advantage of this type of communication between the 
processor, lOP and peripheral, is that it allows for a very 
clean method for the operating system to handle I/O rou- 
tines. Canned programs or "Task Blocks" allow for execution 
of general purpose I/O routines with the status and peri- 
pheral command information being passed via the Parameter 
Block ("data" memory). Task Blocks (or "program" 
memory) can be terminated or restarted by the CPU, if need 
be. Clearly, the flexibility of this communication lends itself 
to modularity and applicability to a large number of peri- 
pheral devices and upward compatibility to future end user 
systems and microprocessor familes. 

Register Set 

The MBL 8089 maintains separate registers for its two I/O 
channels as well as some common registers (see Figure 6). 
There are sufficient registers for each channel to sustain its 
own DMA transfers, and process its own instruction stream. 
The basic DMA pointer registers (GA, GB — 20 bits each), 
can point either the system bus or local bus, DMA source or 
destination, and can be autoincremented. A third register set 
(GC) can be used to allow translation during the DMA 
process through a lookup table it points to. Additionally, 
registers are provided for a masked compare during the data 
transfer and can be set up to act as one of the termination 
conditions. Other registers are also provided. Many of these 
registers can be used as general purpose registers during 
program execution, when the lOP is not performing DMA 
cycles. 



Fig. 6 -REGISTER MODEL 
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Bus Operation 

The MBL 8089 utilizes the same bus structure as the 
MBL 8086, MBL 8088 in their maximum mode configura- 
tions (see Figure 7).The address is time multiplexed with the 
data on the first 16/8 lines. A16 through A19 are time mul- 
tiplexed with four status lines S3-S6. For MBL 8089 cycles, 
S4 and S3 determined what type of cycle (DMA versus non- 
DMA) is being performed on channels 1 or 2. S5 and S6 are a 
unique code assigned to the MBL 8089 lOP, enabling the 
user to detect which processor is performing a bus cycle in a 
multiprocessing environment. The first three status lines, 
S0-S5, are used with an MBL 8288 bus controller to 
determine if an instruction fetch or data transfer is being 
performed in I/O or system memory space. 

DMA transfers require at least two bus cycles with each bus 
cycle requiring a minimum of four clock cycles. Additional 
clock cycles are added if wait states are required. This two 
cycle approach simplifies considerably the bus timings in 
burst DMA. The MBL 8089 optimizes the transfer between 
two different bus widths by using three bus cycles versus 



four to transfer 1 word. More than one read (write) is 
performed when mapping an 8-bit bus onto a 16-bit bus (vice 
versa). For example, a data transfer from an 8-bit peripheral 
to a 16-bit physical location in memory is performed by first 
doing two reads, with word assembly within the lOP 
assembly register file and then one write. 
As can be expected, the data bandwidth of the I OP is a 
function of the physical bus width of the system and I/O 
busses. Table 2 gives the bandwidth, latency and bus utiliza- 
tion of the MBL 8089. The system bus is assumed to be 
16-bits wide with either an 8-bit peripheral (under byte 
column) or 16-bit peripheral (word column) being shown. 

The latency refers to the worst case response time by the I OP 
to a DMA request, without the bus arbitration times. Notice 
that the word transfer allows 50% more bandwidth. This 
occurs since three bus cycles are required to map 8-bit data 
into a 16-bit location, k/ersus two for a 16-bit to 16-bit 
transfer. Note that it is possible to fully saturate the system 
bus in the LOCAL mode whereas in the REMOTE mode this 
is reduced to a maximum of 50%. 



Table 2 -ACHIEVABLE MBL 8089 OPERATIONS WITH 16-BIT SYSTEM BUS 



^^ 


MBL 8089 (5MHz) 


MBL 8089-2 (8MH2) | 


Local 


Rennote 


Local 


Remote | 


Byte 


Word 


Byte 


Word 


Byte 


Word 


Byte 


Word 


Bandwidth 


830 KB/S 


1250 KB/S 


830 KB/S 


1250 KB/S 


1328 KB/S 


2000 KB/S 


1328 KB/S 


2000 KB/S 


Latency 


1.0/2.4)usec* 


1.0/2.4Msec* 


1.0/2.4Msec* 


1.0/2.4Msec* 


0.625/ 1.5 Msec** 


0.625/ 1.5Msec** 


0.625/1. 5Msec** 


0.625/1. 5Msec** 


System Bus 
Utilization 


2.4jLisec/ 
Transfer 


1 .Gjusec/ 
Transfer 


O.Bjusec/ 
Transfer 


0.8/xsec/ 
Transfer 


1.5 Msec/ 
Transfer 


1 .Ojusec/ 
Transfer 


0.5Msec/ 
Transfer 


0.5Msec/ 
Transfer 



* 2.4Msec if interleaving with other channel and no wait states. iMse if channel is waiting for request. 

** 1.5Msec if interleaving with other channel and no wait states. 0.625Msec if channel is waiting for request. 



Fig. 7 - MBL 8089 BUS OPERATION 
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Tl I T2 I T3 |Twait| T4 



I T2 I T3 |Twait| T4 I 

-f^J\J^JU^J^JU\J\J^J^J\ 



-J~v 



S2S0 ^ 



ADDR/STATUS 



ZIGEX 



SEE NOTE 1 < 

ADDR/DATA-— — \l/— V 

(16-BIT } ?^15-AA... 

I PHYSICAL HI IR> / \ 7 



r/R V 




J~V 



Jd 



a_/ 



DATA OUT (D15-D0) 



^_r 



>-oc 



\_ 



NOTE 1: BHE IS STABLE (i.e., NON MULTIPLEXED) THROUGHOUT EACH TRANSFER 
CYCLE. Ag-Ai5 ARE ALSO STABLE ON TRANSFERS TO A PHYSICAL 8-BIT 
BUS. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 0°Cto 70°C 

Storage Temperature -65°Cto +150°C 

Voltage on Any Pin with 

Respect to Ground -0.5 to +7V 

Power Dissipation 2.5 Watt 



MBL 8089 FUJITSU 
MBL 8089-2 IIIIIIH^^^ 



*NOTE: Permanent device damage may occur if ABSO- 
LUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the 
conditions as detailed in the operational sections 
of this data sheet. Exposure to absolute maxi- 
mum rating conditions for extended periods may 
affect device reliability. 



D.C.CHARACTERISTICS (Vcc = 5V ±10%, T^ = 0°C to 70°C) 








Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V,L 


Input Low Voltage 


-0.5 


-f-0.8 


V 




V,H 


Input High Voltage 


2.0 


Vcc + 1-0 


V 


Vol 


Output Low Voltage 




0.45 


V 


loL = 2.0 mA 


VoH 


Output High Voltage 


2.4 




V 


loH =-400 //A 


Ice 


Power Supply Current 




350 


mA 


Ta = 25°C 


Ili 


Input Leakage Current 




±10 


ma 


OV<V,N<Vcc 


Ilo 


Output Leakage Current 




±10 


ma 


0.45V < VouT < Vcc 


VcL 


Clock Input Low Voltage 


-0.5 


+0.6 


V 




VcH 


Clock Input High Voltage 


3.9 


Vcc + 1.0 


V 


C|N 


Capacitance of Input Buffer 

(All Input except ADq-ADis, RQ/GT) 




15 


PF 


fc = 1 MHz 


C,o 


Capacitance of I/O Buffer 
(AD0-AD15, RQ/GT) 




15 


PF 


fc = 1 MHz 



A.C. CHARACTERISTICS (Vcc = 5V±10%, 
MBL 8089/8086 AND MBL 8089-2/8086-2 MAX 
TIMING REQUIREMENTS 



Ta =0°Cto70°C) 
MODE SYSTEM (USING MBL 8288 BUS CONTROLLER) 



Symbol 


Parameter 


MBL 8089 


MBL 8089-2 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


TCLCL 


CLK Cycle Period 


200 


500 


125 


500 


ns 




TCLCH 


CLK Low Time 


(2/3 TCLCL) -15 




(2/3 TCLCL) -15 




ns 


TCHCL 


CLK High Time 


(1/3 TCLCL) +2 




(1/3 TCLCL) +2 




ns 


TCH1CH2 


CLK Rise Time 




10 




10 


ns 


From 1.0V to 3.5V 


TCL2CL1 


CLK Fall Time 




10 




10 


ns 


From 3.5V to 1.0V 


TDVCL 


Data in Setup Time 


30 




20 




ns 




TCLDX 


Data in Hold Time 


10 




10 




ns 


TR1VCL 


RDY Setup Time into 

MBL 8284 A {See Notes 1,2) 


35 




35 




ns 


TCLR1X 


RDY Hold Time into 

MBL 8284A (See Notes 1,2) 












ns 


TRYHCH 


READY Setup Time into MBL 8089 


(2/3 TCLCL) -15 




(2/3 TCLCL) -15 




ns 


TCHRYX 


READY Hold Time into MBL 8089 


30 




20 




ns 


TRYLCL 


READY Inactive to CLK (See Note 4) 


-8 




-8 




ns 


TINVCH 


Setup Time Recognition 

(DRQ 1 ,2, RESET, Ext 1 ,2) (See Note 2) 


30 




15 




ns 


TGVCH 


RQ/GT Setup Time 


30 




15 




ns 


TCAHCAL 


CA Width 


95 




75 




ns 


TSLVCAL 


SEL Setup Time 


75 




55 




ns 


TCALSLX 


SEL Hold Time 












ns 


TCHGX 


GT Hold Time into MBL 8089 


40 




30 




ns 


TILIH 


Input Rise Time (Except CLK) 




20 




20 


ns 


From 0.8V to 2.0V 


TIHIL 


Input Fall Time (Except CLK) 




12 




12 


ns 


From 2.0V to 0.8V 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 



Symbol 


Parameter 


MBL 8089 


MBL 8089-2 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


TCLML 


Command Active Delay (See Note 1 ) 


10 , 


35 


10 


35 


ns 


Cl = 80pF 


TCLMH 


Command Inactive Delay (See Note 1) 


10 


35 


10 


35 


ns 


Cl = 150pF 


TRYHSH 


READY Active to Status Passive (See Note 3) 




110 




65 


ns 


TCHSV 


Status Active Delay 


10 


110 


10 


60 


ns 


TCLSH 


Status Inactive Delay 


10 


130 


10 


70 


ns 


TCLAV 


Address Valid Delay 


10 


110 


10 


60 


ns 


TCLAX 


Address Hold Time 


10 




10 




ns 


TCLAZ 


Address Float Delay 


TCLAX 


80 


TCLAX 


50 


ns 


TSVLH 


Status Valid to ALE High (See Note 1 ) 




15 




15 


ns 


TCLLH 


CLK Low to ALE Valid (See Note 1) 




15 




15 


ns 


TCHLL 


ALE Inactive Delay (See Note 1) 




15 




15 


ns 


TCLDV 


Data Valid Delay 


10 


110 


10 


60 


ns 


TCHDX 


Data Hold Time 


10 




10 




ns 


TCVNV 


Control Active Delay (See Note 1) 


5 


45 


5 


45 


ns 


TCVNX 


Control Inactive Delay (See Note 1) 


10 


45 


10 


45 


ns 


TCHDTL 


Direction Control Active Delay (See Note 1 ) 




50 




50 


ns 


TCHDTH 


Direction Control Inactive Delay (See Note 1) 




30 




30 


ns 


-TCLGL 


RQ Active Delay 





85 





50 


ns 


Cl = 100pF 


TCLGH 


RQ Inactive Delay 




85 




50 


ns 


Note 5; Cl = 30pF 


TCLSRV 


SINTR Valid Delay 




150 




100 


ns 


Cl = 100pF 


TOLOH 


Output Rise Time 




20 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 




12 


ns 


From 2.0V to 0.8V 



1. Signal at MBL 8284A or MBL 8288 shown for reference only. 

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 

3. Applies only to T3 and TW states. 

4. Applies only to T2 state. 

5. Applies only if RQ/GT Mode I Cl = 30 pF, 2.7 kfl pull up to Vqc- 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 



5 ^ V- 



-TEST POINTS- 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" AND 0.45V FOR 
A LOGIC "0". THE CLOCK IS DRIVEN AT 4.3V AND 0.25V, TIMING MEASURE- 
MENTS ARE MADE AT 1.5V FOR BOTH A LOGIC "1" AND "0". 



DEVICE 

UNDER 

TEST 



±: Cl = lOOpF 



ifr 



Cl = lOOpF 

Cl includes jig CAPACITANCE 
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WAVEFORMS 



MBL 8089 BUS TIMING USING MBL 8288 



'jn^un^^^l 



Ag-Ais ON TRANSFERS- 
SEE NOTE 7-^ TO AN 8-BIT PHYSICAL BUS 
AND BHE- 



SEE NOTE 4< 



MBL 8288 OUTPUTS, 
SEE NOTES 4, 5' 



MBL 8288 OUTPUTS. 
SEE NOTES 4, 5 



S2,Si, So (EXCEPT HALT) 



''C 



A19/S6-A16/S3 



••— HTCLAV _ 



ALE (MBL 8288 OUTPUT) 



RDY (MBL8284A INPUT) 



READY (MBL 8089 INPUT)< 



READ-(MWTC, AMWC, lOWC, AlOWC = Vqh) 

SEE NOTE 7 ( 
AND ABOVE < AD15-AD0 
(BiTE) 



MRDC OR lORC 



WRITE - (RD, MRDC, lORC, DT/R = Vqh) 
SEE NOTE 7 f 
AND ABOVE <( AD15-AD0 
(BHE) 



AMWC OR AlOWC 



MWTC OR lOWC 



X 



/ 



\ 



TCLAX 
TCLAZ 



X 



sic' 



H 



\ 



v 



/ 



TCLAX 
TCLDV 






.1 h- TCLCL H 



:mw 



TRYHCH 

TDVCL- 



^, 



■E 



\. 



3i- 

/> FLOAT 



3 







c 



(SEE NOTE 3) 

/- 

/ 



^ 



FLOAT l\ 



*~*1float 
— AjotesN 



"1 



/ 



f 



NOTES: 

1 . ALL SIGNALS SWITCH BETWEEN Vqh AND Vql UNLESS OTHERWISE SPECIFIED. 

2. RDY IS SAMPLED NEAR THE END OF Tj, T3, Tyy TO DETERMINE IF Tyv MACHINE STATES ARE TO BE INSERTED. 

3. FOLLOWING A WRITE CYCLE DATA REMAINS VALID ON THE MBL 8089 LOCAL BUS UNTIL A LOCAL BUS MASTER 
DECIDES TO RUN ANOTHER BUS CYCLE. THE LOCAL BUS IS FLOATED BY THE MBL 8089 WHEN THE MBL 8089 
ENTERS A REQUEST BUS ACKNOWLEDGE STATE. 

4. SIGNALS AT MBL 8284A OR MBL 8288 ARE SHOWN FOR REFERENCE ONLY^ 

5. THE ISSUANCE OF THE MBL 8288 COMMAND AND CONTROL SIGNALS (MRDC, MWTC, AMWC, lORC, lOWC, AlOWC, 
INTA AND DEN) LAGS THE ACTIVE HIGH MBL 8288 CEN. 

6. ALL TIMING MEASUREMENTS ARE MADE AT 1 .5V UNLESS OTHERWISE NOTED. 

7. Ag-Ais ARE STABLE ON TRANSFERS TO AN 8 BIT PHYSICAL DATA BUS, i.e. Ag-Aig DON'T FLOAT ON A READ FROM 
AN 8 BIT PHYSICAL BUS OR MULTIPLEX WITH DATA ON A WRITE TO AN 8 BIT PHYSICAL BUS BHE IS STABLE (NON 
MULTIPLEXD) FOR ALL TRANSFERS. 
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WAVEFORMS (Continued) 



ASYNCHRONOUS SIGNAL RECOGNITION 



^^YA 



DRQ1,2 
RESET 



>■ Signal 



-TINVCH (SEE NOTE 1) 



X 



NOTES: 

1. SETUP REQUIREMENTS FOR ASYNCHRONOUS SIGNALS ONLY TO GUARANTEE 
RECOGNITION AT NEXT CLK. 

2. ALL INPUTS EXCEPT CA ARE LATCHED ON A CLK EDGE. THE CA INPUT IS 
NEGATIVE EDGE TRIGGERED. 

3. DRQ BECOMING ACTIVE GREATER THAN 30 ns AFTER THE RISING EDGE OF CLK 
WILL GUARANTEE NON-RECOGNITION UNTIL THE NEXT RISING CLOCK EDGE. 



BUS LOCK SIGNAL TIMING AND SINTR TIMING 



CLK 



Any CLK Cycle 



— TCLAV -H H— TCLAV 



Any CLK Cycle 



CLK 



/~\ 



SINTR 1,2 



TCLSRV 



X 
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WAVEFORMS (Continued) 



REQUEST/GRANT SEQUENCE TIMING 



-Tun 



MBL 8089 AS SLAVE (MODE 0) 



rLn_A_n_Ji_n 



MBL 8089 REQUESTS BUS- 
MBL 8089 AS MASTER (MODE 1 ) 



MASTER 
- FLOATS 
STATUS BUS 



-MASTER FLOATS A/D BUS 



-TCHGX- 
-TGVCH 



MBL 8089 FLOATS A/D BUS 



MBL 8089 RQ INPUT 
(FROM CURRENT SLAVE) 



MBL 8089 AS MASTER (MODE 0) 



MBL 8089 RS INPUT 
(FROM CURRENT SLAVE) 



• CPU provides active pull-up. 



r 



-J 



8089 FLOATS A/D E 
TCLGH 



MBL 8089 
- ^FLOATS 

STATUS BUS 



rt 



n — 1 



r 



/ MBL 8089 RELEASE OUTPUT 
(TO MASTER) 



MBL 8089 WAITS FOR BUS MBL 8089 USES BUS '^-— MBL 8089 



MBL 8089 FLOATS STATUS BUS 



RELEASES BUS 



-TCHGX- 
-TGVCH 
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WAVEFORMS (Continued) 



EXTERNAL TERMINATE SETUP TIMING 






CLK \ 


/ 


TINVCH 


k 














EXT 1.2 


i 



SEL SETUP AND TIMING 




TCAHCAL 








'" / 




^ 




Y 


TSLVCAL 












-^W/M 


[ iw////, 
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MBL 8089 INSTRUCTION SET SUMMARYt 
Data Transfers 



POINTER INSTRUCTIONS 


OPCODE 


LPD P, M 
LPDI P, 1 
MOVP M, P 
MOVP P, M 


Load Pointer PPP from Addressed Location 

Load Pointer PPP Immediate 4 Bytes 

Store Contents of Pointer PPP in Addressed Location 

Restore Pointer 


7 


7 







P P P 


A A 1 


1 





1 M M 


P P P 1 


1 








10 


P P P 


A A 1 


1 


1 


1 M M 


P P P 


A A 1 


1 





1 1 M M 




MOVE DATA 


OPCODE 


MOV M, M 

MOV R, M 
MOV M, R 
MOVI R 
MOVI M 


Source — 
Move from Source to Destination 

Destination - 

Load Register RRR from Addressed Location 

Store Contents of Register RRR in Addressed Location 

Load Register RRR Immediate (Byte) Sign Extend 

Move Immediate to Addressed Location 







A A W 


1 


1 


M M 





A A W 


1 


1 


1 1 M M 


R R R 


A A W 


1 





M M 


R R R 


A A W 


1 





1 Mm 


RRR wb W 





1 1 





wb A A W 





1 


1 1 M M 


1 



Control Transfer 



CALLS 


OPCODE 


*CALL 


Call Unconditional 


7 


7 





1 dd 


A A W 


10 1 


1 1 M M 


JUMP 


OPCODE 


JMP 

JZ M 

JZ R 

JNZ M 

JNZ R 

JBT 

JNBT 

JMCE 

JMCNE 


Unconditional 

Jump on Zero Memory 

Jump on Zero Register 

Jump on Non-Zero Memory 

Jump on Non-Zero Register 

Test Bit and Jump if True 

Test Bit and Jump if Not True 

Mask/Compare and Jump on Equal 

Mask/Compare and Jump on Non-Equal 




1 


1 dd 


W 


10 





dd 


A A W 


1110 


1 M M 


R R R dd 





10 


10 


dd 


A A W 


1110 


M M 


R R R dd 





10 





B B B dd 


A A 


10 11 


1 1 M M 


B B B dd 


A A 


10 11 


1 M M 


dd 


A A 


10 11 


M M 


dd 


A A 


10 11 


1 M M 



Arithmetic and Logic Instructions 



t Mnemonics© Intel, 1980 



INCREMENT, DECREMENT 


OPCODE 


INC M Increment Addressed Location 
INC R Increment Register 
DEC M Decrement Addressed Location 
DEC R Decrement Register 


7 


7 








A 1 W 


1110 


1 M M 


R R R 





11 


10 





A A W 


1 1 10 


1 1 M M 


R R R 





11 


110 


1 
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BIT Manipulation and Test Instructions 



Control 



Arithmetic and Logic instructions 










ADD 


OPCODE 


ADD! 
ADDI 
ADD 
ADD 


M, 1 ADD Immediate to Memory 
R, 1 ADD Immediate to Register 
M, R ADD Register to Memory 
R, M ADD Memory to Register 


7 


7 








wb A A W 


110 


M M 


R R 


R wb W 


10 





R R 


R A A W 


110 1 


M M 


R R 


R A A W 


10 10 


M M 




AND 


OPCODE 


AND! 
ANDI 
AND 
AND 


M, 1 AND Memory with Immediate 
R, 1 AND Register with Immediate 
M, R AND Memory with Register 
R, M AND Register with Memory 







wb A A W 


110 


1 M M 


R R 


R wb W 


10 


10 


R R 


R A A W 


110 1 


1 M M 


R R 


R A A W 


10 10 


1 M M 


1 


OR 


OPCODE 


OR! 
OR! 
OR 
OR 


M, 1 OR Memory with Immediate 
R, 1 OR Register with Immediate 
M, R OR Memory with Register 
R, M OR Register with Memory 







wb A A W 


110 


1 M M 


R R 


R wb A A W 


10 


10 


R R 


R A A W 


110 1 


1 M M 


R R 


R A A W 


10 10 


1 M M 




NOT 


OPCODE 


NOT 
NOT 
NOT 


R Complement Register 
M Complement Memory 
R, M Complement Memory, Place in Register 




R R 


R 


10 


110 





A A W 


110 1 


1 1 M M 


R R 


R A A W 


10 10 


1 1 M M 



BIT MANIPULATION 


OPCODE 


SET 
CLR 


Set the Selected Bit 
Clear the Selected Bit 


7 


7 





B B B 


A A 


1111 


1 M M 


B B B 


A A 


1111 


1 M M 




TEST 


OPCODE 


TSL 


Test and Set Lock 




1 


1 A A 


10 1 


1 M M 



CONTROL 


OPCODE 


HLT 

SINTR 

NOP 

XFER 

WID 


Halt Channel Execution 

Set Interrupt Service Flip Flop 

No Operation 

Enter DMA Transfer 

Set Source, Destination Bus Width; S, D 0=8, 1 = 16 


7 


7 





10 





10 


10 


10 





o'o 

















110 











1 S D 
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*AA Field in call instruction can be 00, 01, 10 only. 
**OPCODE is second byte fetched. 

All instructions consist of at least 2 bytes, while some 
instructions may use up to 3 additional bytes to specify 
literals and displacement data. The definition of the various 
fields within each instruction is given below: 





7 


7 











R R R 


wb 


A A 


W 


OPCODE 


M M 






PPP BB B 











MM Base Pointer Select 



00 GA; general purpose A 

01 GB; general purpose B 

10 GC; general purpose C 

1 1 PP; parameter pointer 



RRR Register Field 

The RRR field specifies a 16-bit register to be used in the 
instruction. If GA, GB,GC or TP are referenced by the RRR 
field, the upper 4 bits of the registers are loaded with the sign 
bit (Bit 15). PPP registers are used as 20-bit address pointers. 



RRR 


000 


rO 


GA 


general purpose A 


001 


r1 


GB 


general purpose B 


010 


r2 


GC 


general purpose C 


oil 


r3 


BC 


byte count 


100 


r4 


TP 


task block pointer 


101 


r5 


IX 


index register 


110 


r6 


CC 


channel control (mode) 


111 


r7 


MC 


mask/compare 



See Notes 1, 2. 




general purpose A 
general purpose B 
general purpose C 
task block pointer 



Notes: 

BBB Bit Select Field 

The bit select field replaces the RRR field in bit manipula- 
tion instructions and is used to select a bit to be operated on 
by those instructions. Bit is the least significant bit. 



wb 



01 


1 byte literal 


10 


2 byte (word) literal 


dd 





01 1 byte displacement 

10 2 byte (word) displacement. 

AA Field 

00 The selected pointer contains the operand address. 

01 The operand address is formed by adding an 8-bit, 
unsigned, offset contained in the instruction to the 
selected pointer. The contents of the pointer are un- 
changed. 

10 The operand address is formed by adding the con- 
tents of the index register to the selected pointer. 
Both registers remain unchanged. 

11 Same as 10 except the index register is post auto- 
incremented (by 1 for 8-bit transfer, by 2 for 16-bit 
transfer) 

W Width Field 



The selected operand is 1 byte long. 
The selected operand is 2 bytes long. 



Additional Bytes 

OFFSET : 8-bit unsigned offset. 
SDISP : 8/16-bit signed displacement. 

LITERAL : 8/16-bit literal. (32 bits for LDPI). 

The order in which the above optional bytes appear in lOP 
instructions is given below: 



OFFSET 


LITERAL 


SDISP 

1 



Offsets are treated as unsigned numbers. Literals and dis- 
placements are sign extended (2's complement). 



Note 1. Logical and arithmetic instructions should not be 
used to update the CC register (i.e. — only MOV 
and MOVI instructions should be used.) 
2. A 20-bit register (GA, GB, GC or TP) that is 
initialized as a 16-bit I/O space pointer must be 
saved at even addresses when using MOVP or 
CALL instructions. 
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PACKAGE ILLUSTRATION 



CERAMIC PACKAGE 
(METAL SEAL) 




PACKAGE DIMENSIONS 
(Suffix : ~C) 



40-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-40C-A01) 



R.050(1.27) 
REF. 



-^) 



C= 



.585(14.86) 
.605(15.38) 

.590( 




— I K-.060(1 




1.900(48.26)REF 



iches (millimeters) 
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8259A 
8259A-: 



July 1986 
Edition 2.2 



NMOS PROGRAMMABLE INTERRUPT CONTROLLER 



The MBL8259A Programmable Interupt Controller handles up to eight vectored priority interrupts for the CPU. It is 
cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged In a 28-pin DIP, uses 
NMOS technology and requires a single +5V supply. Circuitry is static, requiring no clock Input. 
The MBL8259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts. 
It has several modes, permitting optimlzatic for a variety of system requirements. 



• MBL 8086, MBL 8088 Compatible 

• MCS-80*, MCS-85* Compatible 

• Eight-Level Priority Controller 

• Expandable to 64 Levels 

• Programmable Interrupt Modes 



• Individual Request Mask Capability 

• Single -i- 5V Supply (No Clocks) 

• Two Package Options: 
-28-Pin Ceramic DIP (Suffix: -C) 
-28-Pln Plastic DIP (Suffix: -P) 



Fig. 1 -BLOCK DIAGRAM 



"O 



DATA 

BUS 

BUFFER 



o 



READ/ 
WRITE 
LOGIC 



CASO- 
CAS 1- 
CAS 2- 





CASCADE 

BUFFER/ 

COMPARATOR 









CONTROL LOGIC 



2 



SERVICE 
REG 
(ISR) 



AN 
VV 



o 



il 



a INTERRUPT 
REQUEST — 
REG ^ 
(IRR) 



-IR6 
-IR7 



INTERNAL BUS 



Fig. 2 - PIN CONFIGURATION 



csC 
wrQ] 
rdQ 

D7C 

D4C 
Dae 
D2C 

DoC 
CASO[^ 
CAS1[;; 
GND[[ 



Dvcc 

D^o 

^Tnta 
3IR7 
3IR6 
3IR5 

I1IR4 
;3lR3 
~||R2 

;]iRi 

^IRO 
^INT 
;3SP/EN 
I3CAS2 



^ Trade Mark of Intel Corporation 
Portions Reprinted by permission of Intel Corporation 
© Intel Corporation, 1980 
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PIN DESCRIPTION 
TABLE 1 - PIN DESCRIPTION 



Symbi 


Pin No. 


Type 


Name and Function 


Vcc 


28 


1 


Supply: +5V Supply. 


GND 


14 


1 


Ground 


CS 


1 


1 


Chip Select: A low on this pin enables RD and WR connmunication between 
the CPU and the MBL 8259A INTA functions are independent of CS. 


WR 


2 





Write: A low on this pin when CS is low enables the MBL 8259A to accept 
command words from the CPU. 


RD 


3 


1 


Read: A low on this pin when CS is low enables the MBL 8259A to release 
status onto the data bus for the CPU. 


D7-D0 


4-11 


I/O 


Bidirectional Data Bus: Control, status and inter rupt-vector information is 
transferred via this bus. 


CAS0-CAS2 


12,13,15 


I/O 


Cascade Lines: The CAS lines form a private MBL 8259A bus to control a 
multiple MBL 8259A structure. These pins are outputs for a master 
MBL 8259A and inputs for a slave MBL 8259A. 


SP/EN 


16 


I/O 


Slave Program/Enable Buffer: This is a dual function pin. When in the Buffered 
Mode it can be used as an output to control buffer transceivers (EN). When 
not in the buffered mode it is used as an input to designate a master (SP=1 ) 
or slave (SP=0). 


INT 


17 





Interrupt: This pin goes high wheaever a valid interrupt request is asserted. 
It is used to interrupt the CPU, thus it is connected to the CPU's interrupt pin. 


IR0-IR7 


18-25 


1 


Interrupt Request: Asynchronous Inputs. An interrupt request is executed 
by raising an IR input (low to high), and holding it high until it is acknow- 
ledged (Edge Triggered Mode), or just by a high level on an IR input (Level 
Triggered Mode). Unused IR pins should externally be pulled down not to 
be left open because the IR inputs contain internal pull-up resistors. 




26 


1 


Interrupt Acknowledge: This pin is used to enable MBL 8259A interrupt- 
vector data onto the data bus by a sequence of interrupt acknowledge pulses 
issued by the CPU. When the MBL 8259A is connected to the MBL 80186/ 
80188 or Intel 80186/80188, an external pull-up resistor is required on the 
INTA pins. 


INTA 


Ao 


27 


1 


AO Address Line: This pin acts in conjunction with the CS, WR, and RD pins. 
It is used by the MBL 8259A to decipher various Command Words the CPU 
writes and status the CPU wishes to read. It is typically connected to the CPU 
Ao address line (Ai for MBL 8086/8088). 
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FUNCTIONAL DESCRIPTION 

INTERRUPTS IN MICROCOMPUTER SYSTEMS 

Microcomputer system design requires that I/O devices such 
as keyboards, displays, sensors and other components 
receive servicing in an efficient manner so that large 
amounts of the total system tasks can be assumed by the 
microcomputer with little or no effect on throughout. 
The most common method of servicing such devices is the 
Polled approach. This is where the processor must test each 
device in sequence and in effect "ask" each one if it needs 
servicing. It is easy to see that a large portion of the main 
program is looping through this continues polling cycle and 
that such a method would have a serious, detrimental effect 
on system throughput, thus limiting the tasks that could be 
assumed by the microcomputer and reducing the cost 
effectiveness of using such devices. 

A more desirable method would be one that would allow 
the microprocessor to be executing its main program and 
only stop to service peripheral devices when it is told to do 
so by the device itself. In effect, the method would provide 
an external asynchronous input that would inform the 
processor that it should complete whatever instruction that 
is currently being executed and fetch a new routine that 
will service the requesting device. Once this servicing is 
complete, however, the processor would resume exactly 
where-it left off. 

This method is called Interrupt. It is easy to see that system 
throughput would drastically increase, and thus more tasks 
could be assumed by the microcomputer to further enhance 
its cost effectiveness. 

The Programmable Interrupt Controller (PIC) functions as 
an overall manager in an Interrupt-Driven system environ- 
ment. It accepts requests from the peripheral equipment, 
determines which of the incoming requests is the highest 
importance (priority), ascertains whether the incoming 
request has higher priority value than the level currently 
being serviced, and issues an interrupt to the CPU based on 
this determination. 

Each peripheral device or structure usually has a special 
program or "routine" that is associated with its specific 
functional or operational requirements; this is referred to as 
a "service routine". The PIC, after issuing an Interrupt to 
the CPU, must somehow input information into the CPU 
that can "point" the Program Counter to the service 
routine associated with the requesting device. This 
"pointer" is an address in a vectoring table and will often 
be referred to, in this document, as vectoring data. 

The MBL 8259A 

The MBL 8259A is a device specifically designed for use in 
real time, interrupt driven microcomputer systems. It 
manages eight levels or requests and has built-in features for 
expandability to other MBL 8259A's (up to 64 levels). It is 
programmed by the system's software as an I/O peripheral. 
A selection of priority modes is available to the program- 
mer so that the manner in which the requests are processed 
by the MBL 8259A can be configured to match his system 
requirements. The priority modes can be changed or 



reconfigured dynamically at any time during the main 
program. This means that the complete interrupt structure 
can be defined as required, based on the total system 
environment. 



Fig. 3a-P0LLED METHOD 
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Fig. 3b-INTERRUPT METHOD 
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INTERRRUPT REQUEST REGISTER (IRR) AND 
IN-SERVICE REGISTER (ISR) 

The interrupts at the IR input lines are handled by two 
registers in cascade, the Interrupt Request Register (IRR) 
and the In-Service Register{ISR). The IRR is used to store 
all the interrupt levels which are requesting service; and the 
ISR is used to store all the interrupt levels which are being 
serviced. 

PRIORITY RESOLVER 

This logic block determines the priorities of the bits set in 
the IRR. The highest priority is select ed and strobed into 
the corresponding bit of the ISR during INTA pulse. 

INTERRUPT MASK REGISTER (IMR) 

The IMR stores the bits which mask the interrupt lines to 
be masked. The IMR operates on the IRR. Masking of a 
higher priority input will not affect the interrupt request 
lines of lower priority. 

INT (INTERRUPT) 

This output goes directly to the CPU interrupt input. The 
Vqh level on this line is designed to be fully compatible 
with Intel's 8080A and 8085A and MBL 8086 input levels. 

INTA (INTERRUPT ACKNOWLEDGE) 

INTA pulses will cause the MBL 8259A to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode (juPM) of the MBL 8259A. 

DATA BUS BUFFER 

This 3-state, bidirectional 8-bit buffer is used to interface 
the MBL 8259A to the system Data Bus. Control words and 
status information are transferred through the Data Bus 
Buffer. 

READ/WRITE CONTROL LOGIC 

The function of this block is to accept OUTput commands 
from the CPU. It contains the Initialization Command Word 
(ICW) registers and Operation Command Word (OCW) 
registers which store the various control formats for device 
operation. This function block also allows the status of the 
MBL 8259A to be transferred onto the Data Bus. 

CS (CHIP SELECT) 

A LOW on this input enables the MBL 8259A. No reading 
or writing of the chip will occur unless the device is 
selected. 

WR (WRITE) 

A LOW on this input enables the CPU to write control 
words (ICWs and OCWs) to the MBL 8259A. 

RD (READ) 

A LOW on this input enables the MBL 8259A to send the 
status of the Interrupt Request Register (IRR), In-Service 
Register (ISR), the Interrupt Mask Register (IMR), or the 
interrupt level onto the Data Bus. 



Fig. 4a-MBL 8259A BLOCK DIAGRAM 
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Fig. 4b-MBL 8259A BLOCK DIAGRAM 
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This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 
registers, as well as reading the various status registers of the 
chip. This line can be tied directly to one of the address 
lines. 
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THE CASCADE BUFFER/COMPARATOR 

This function block stores and compares the IDs of all 
MBL 8259A's used in the system. The associated three I/O 
pins {CASO-2) are outputs when the MBL 8259A is used as 
a master and are inputs when the MBL 8259A is used as a 
slave. As a master, the MBL 8259 A sends the ID of the 
interrupting slave device onto the CASO-2 lines. The slave 
thus selected will send its preprogrammed subroutine 
address onto the Data Bus during the next one or two 
consecutive INTA pulses. (See section "Cascading the 
MBL8259A".) 

INTERRUPT SEQUENCE 

The powerful features of the MBL 8259A in a micro- 
computer system are its programmability and the interrupt 
routine addressing capability. The latter allows direct or 
indirect jumping to the specific interrupt routine requested 
without any polling of the interrupting devices. The normal 
sequence of events during an interrupt depends on the type 
of CPU being used. 
The events occur as follows in an MCS-80*/85* system: 

1. One or more of the INTERRUPT REQUEST lines 
(IR7-0) are raised high, setting the corresponding IRR 
bit(s). 

2. The MBL 8259A evaluates these requests, and sends an 
INT to the CPU, if appropriate. 

3. The C PU acknowledges the INT and responds with an 
INTA pulse. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set, and the corresponding 
IRR bit is reset. The MBL 8259 A will also release a 
CALL instruction code (11001101) onto the 8-bit Data 
Bus through its D7-0 pins. 

5. This CALL instruction will initiate two more INTA 
pulses to be sent to the MBL8259A from the CPU 
group. _^ 

6. These two INTA pulses allow the MBL 8259A to release 
its preprogrammed subroutine address onto the Data 
Bus. The lower 8-bit address is released at the first INTA 
pulse and th e higher 8-bit address is released at the 
second INTA pulse. 

7. This completes the 3-byte CALL instruction released by 
the MBL 8259A. In the AEO I mode the ISN bit is reset 
at the end of the third INTA pulse. Otherwise, the ISR 
bit remains set until an appropriate EOl command is 
issued at the end of the Interrupt sequence. 

The events occurring in an MBL 8086 system are the same 
until step 4.. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set and the corresponding IRR 
bit is reset. The MBL 8259A does not drive the Data Bus 
during this cycle. 

5. The MBL 8086 will initiate a second INTA pulse. During 
this pulse, the MBL 8259A releases an 8-bit pointer onto 
the Data Bus where it is read by the CPU. 

6. This completes the interrupt cycle. In the AEOI mode 
the ISR bit is reset at the end of the second INTA pulse. 
Otherwise, the ISR bit remains set until an appropriate 

* Trade Mark of Intel Corporation 



EOl command is Issued at the end of the interrupt 
subroutine. 

If no interrupt request is present at step 4 of either 
sequence (i.e., the request was too short in duration) the 
MBL8259A will issue an interrupt level 7. Both the 
vectoring bytes and the CAS lines will look like an interrupt 
level 7 was requested. 



Fig. 4C-MBL 8259A BLOCK DIAGRAM 
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INTERRUPT SEQUENCE OUTPUTS 

MCS-80*/MCS-85* 

This seque nce is timed by three INTA pulses. During the 
first INTA pulse the CALL opcode is enabled onto the data 
bus. 

Content of First Interrupt 
Vector Byte 
D7 D6 D5 D4 D3 D2 D1 DO 
CALL CODE I 1 



1 



1 



1 



During the second INTA pulse the lower address of the 
appropriate service routine is enabled onto the data bus. 
When Interval = 4 bits As— A7 are programmed, while 
Aq— A4 are automatically inserted by the MBL 8259A. 
When Interval = 8 only A^ and A7 are programmed, while 
Aq— A5 are automatically inserted. 

Content of Second Interrupt 
Vector Byte 



IR 


Interval =4 




D7 


D6 


D5 


D4 D3 


D2 


D1 


DO 


7 


A7 


A6 


A5 


1 1 


1 








6 


A7 


A6 


A5 


1 1 











5 


A7 


A6 


A5 


1 


1 








4 


A7 


A6 


A5 


1 











3 


A7 


A6 


A5 


1 


1 








2 


A7 


A6 


A5 


1 











1 


A7 


A6 


A5 





1 











A7 


A6 


A5 
















IR 


Interval =8 | 




D7 


D6 


D5 


D4 D3 


D2 


D1 


DO 
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A7 


A6 
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1 1 
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A7 


A6 


1 


1 
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A7 


A6 


1 


1 
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A7 


A6 


1 
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A7 


A6 





1 1 
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A7 


A6 





1 
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A7 


A6 





1 














A7 


A6 


















During the third INTA pulse the higher address of the 
appropriate service routine, which was programmed as byte 
2 of the initialization sequence (Ag— A15), is enabled onto 
the bus. 

Content of Third Interrupt 
Vector Byte 
D7 D6 D5 D4 D3 D2 D1 DO 

\ A15 I A14 I A13 I A12 | AH j A10 | A9 | A8 "| 

MBL 8086/MBL 8088 

MBL 8086 mode is similar to MCS-80* mode except that 
only two Interrupt Acknowledge cycles are issued by the 
processor and no CALL opcode is sent to the processor. 
The first interrupt acknowledge cycle is similar to that of 
MCS-80*/85* systems in that the MBL 8259 A uses it to 
internally freeze the state of the interrupts for priority 
resolution and as a master It issues the interrupt code on 
the cascade lines at the end of the INTA pulse. On this first 
cycle it does not issue any data to the processor and leaves 



its data bus buffers disabled. On the second interrupt 
acknowledge cycle In MBL 8086 mode the master (or slave 
if so programmed) will send a byte of data to the processor 
with the acknowledged interrupt code composed as fol- 
lows (note the state of the AD I mode control is ignored and 
As— An are unused in MBL 8086 mode): 

Content of Interrupt Vector Byte 
for MBL 8086 System Mode 





D7 


D6 


D5 


D4 


D3 


D2 


Dl 


DO 


IR7 


T7 


T6 


T5 


T4 


T3 


1 


1 


1 


IR6 


T7 


T6 


T5 


T4 


T3 


1 


1 





IR5 


T7 


T6 


T5 


T4 


T3 


1 





1 


IR4 


T7 


T6 


T5 


T4 


T3 


1 








IR3 


T7 


T6 


T5 


T4 


T3 





1 


1 


IR2 


T7 


T6 


T5 


T4 


T3 





1 





IR1 


T7 


T6 


T5 


T4 


T3 








1 


IRO 


T7 


T6 


T5 


T4 


T3 












MBL 80186/MBL 80188 

MBL 80186 mode is the same as MBL 8086 mode. How- 
ever, it is noti ced th at an external pull-up resistor is re- 
quired on the INTA pin of the MBL 8259A when it is 
connected to the MBL 80186/188 or Intel 80186/188. 

When the IN TA inpu t pin of t he MBL 8269A is connected 
to the INT2/INTA0 or INT3/INTA1 input/output pin of 
the MBL 80186/188 without an external pull-up resistor, 
the INTA pin floa ts after the MBL80 186/188 is reset, 
because the INT2/INTA0 and INT3/INTA1 pins are 
floated (in the input state) by reset. Besides, the INTA pin 
Is pulled up high after the INT2/INTA0 and INT3/INTA1 
pins are set in the output state by software, because they 
output a high level in the output state when they are not 
activated. 

In this cas e, a seq uence of a proces sor's reset and setting 
the INT2/INTA0 or INT3/INTA1 in the output state 
generates a spurious negative pulse, and the MBL 8259A 
may recognize this pulse as an INTA pulse when the float- 
ing level is near to low level. 

To avoid this proble m, an external pull-up resistor must 
be connected on the INTA pin, so that the INTA pin is 
held high even after processor's reset. 



MBL 8259A'S INTA LEVEL 

(WITHOUT EXTERNAL PULL-UP RESISTOR) 



MBL 8259A INTA 



MBL 80186/188 
Operation 



t 



t 



t 



t 




Notes: H = High level, F = Floating, L = Low level 



Processor's reset (INT2/INTA0 and INT3/INTA1 

in input state) 

: Processor's setting INT2/INTA0 and INT3/INTA1 
in output state (not activated) 
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PROGRAMMING THE MBL 8259A 

The MBL8259A accepts two types of command words 
generated by the CPU: 

1. Initialization Command Words (ICWs): Before normal 
operation can begin, each MBL 8259A in the system 
must be brought to a sta rting point — by a sequence of 2 
to 4 bytes timed by WR pulses. 

2. Operation Command Words (OCWs): These are the 
command words which command the MBL 8259A to 
operate in various interrupt modes. These modes are: 

a. Fully nested mode 

b. Rotating priority mode 

c. Special mask mode 

d. Polled mode 

The OCWs can be written into the MBL8259A anytime 
after initialization. 

INITIALIZATION COMMAND WORDS (ICWs) 

GENERAL 

Whenever a command is issued with AO = and D4 = 1 , this 
is interpreted as Initialization Command Word 1 (ICWI). 
ICW1 starts the initialization sequence during which the 
following automatically occur. 

a. The edge sense circuit is reset, which means that 
following initialization, an interrupt request (IR) input 
must make a low-to-high transition to generate an 
interrupt. 

b. The Interrupt Mask Register is cleared. 

c. IR7 input is assigned priority 7. 

d. The slave mode address is set to 7. 



e. Special Mask Mode is cleared and Status Read is set to 
IRR. 

f. If IC4=0, then all functions selected in ICW4 are set to 
zero. (Non-Buffered mode*,* no Auto-EOI, MCS-80/85* 
system). 

INITIALIZATION COMIVIAND WORDS 1 AND 2 
(ICWI, ICW2) 

^5-Ai5 : Page starting address of service routines, in an 
MCS-80*/85* system, the 8 request levels will generate 
CALLs to 8 locations equally spaced in memory. These can 
be programmed to be spaced at intervals of 4 or 8 memory 
locations, thus the 8 routines will occupy a page of 32 or 
64 bytes, respectively. 

The address format is 2 bytes long (Aq-Ais). When the 
routine interval is 4, Aq— A4 are automatically inserted by 
the MBL8259A, while A5-A15 are programmed exter- 
nally. When the routine interval is 8, Aq— A5 are auto- 
matically inserted by the MBL 82 59 A, while As— Ais are 
programmed externally. 

The 8-byte interval will maintain compatibility with current 
software, while the 4-byte interval is best for a compact 
jump table. 

In an MBL 8086 system Ais— An are inserted In the five 
most significant bits of the vectoring byte and the 
MBL 8259A sets the three least significant bits according to 
the interrupt level. A10-A5 are ignored and ADI (Address 
interval) has no effect. 







Fig. 6-INITIALIZATION SEQUENCE 
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Fig. 7-INITIALIZATION COMMAND WORD FORMAT 
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LTIM: If LTIM = 1, then the MBL 8259A will operate in 
the level interrupt mode. Edge detect logic on the 
interrupt inputs will be disabled. 

ADI; CALL address IntervaL AD!=1 then interva!=4; 

ADI=0 then interval 8. 
SNGL: Single.Means that this is the only MBL 8259A in the 

system. If SNGL = 1, no ICW3 will be issued. 
IC4: If this bit is set, ICW4 has to be read. If ICW4 is 

not needed, set IC4 = 0. 

INITIALIZATION COMMAND WORD 3 (ICW3) 
This word is read only when there is more than one 
MBL 8259A in the system and cascading is used, in which 
case SNGL=0. It will load the 8-bit slave register. The 
functions of this register are: 

a. In the master mode (either when SP=1, or in buffered 
mode when M/S=1 in ICW4) a"^" is set for each slave in 
the system. The master then will release byte 1 of the 
call sequence (for MCS-80/85* system) and will enable 
the corresponding slave to release bytes 2 and 3 (for 
MBL 8086 only byte 2) through the cascade lines. 

b. In the slave mode (either when SP=0, or If BUF=1 and 
M/S=0 in ICW4) bits 2-0 identify the slave. The slave 
compares its cascade input with these bits and, if they 
are equal, bytes 2 and 3 of the call sequence (or just 
byte 2 for MBL 8086) are released by it on the Data Bus. 

INITIALIZATION COMMAND WORD 4 (ICW4) 

SFNMilf SFNM=1 the special fully nested mode is pro- 
grammed. 

BUF: If BUF=1 the buffered mode is programmed. In 
buffered mode SP/EN becomes an enable output 
and the master/slave determination is by M/S. 

M/S: If buffered mode is selected: M/S=1 means the 
MBL 8259A is programmed to be a master, M/S=0 
means the MBL 8259A is programmed to be a slave. 
If BUF=0, M/S has no function. 

AEOI: If AE0I=1 the automatic end of interrupt mode is 
programmed. 

/iPM: Microprocessor mode: mPM=0 sets the MBL 8259 A 
for MCS-80*/85* system operation, mPM=1 sets the 
MBL 8259A for MBL 8086/8088 system operation. 

OPERATION COMMAND WORDS (OCWs) 

After the Initialization Command Words (ICWs) are pro- 
grammed into the MBL 8259A, the chip is ready to accept 
interrupt requests at its input lines. However, during the 
MBL 8259A operation, a selection of algorithms can 
command the MBL8259A to operate in various modes 
through the Operation Command Words (OCWs) 



OPERATION CONTROL WORDS (OCWs) 



0CW1 
AO D7 D6 D5 D4 D3 D2 D1 DO 

I 1 I I M7 M6 M5 M4 M3 M2 Ml MO 



I I I R SL EOl L2 LI LO 



0CW3 
I I I ESMM SMM 1 P RR RIS | 

OPERATION CONTROL WORD 1 (OCWs) 

0CW1 sets and clears the mask bits in the Interrupt Mask 
Register (I MR). M7— Mq represent the eight mask bits. M=1 
indicates the channel is masked (inhibited), M=0 indicates 
the channel is enabled. 

OPERATION CONTROL WORD 2 (0CW2) 
R, SL, EOl - These three bits control the Rotate and End 
of Interrupt modes and combinations of the two. A chart 
of these combinations can be found on the Operation 
Command Word Format. 

L2, Li, Lq— These bits determine the interrupt level acted 
upon when the SL bit is active. 

OPERATION CONTROL WORD 3 (0CW3) 

ESMM — Enable Special Mask Mode. When this bit is set to 

1 , it enables the SMM bit to set or reset the Special Mask 

Mode. When ESMM=0 the SMM bit becomes a "don't 

care".* 

SMM - Special Mask Mode. If ESMM=1 and SMM=1 the 

MBL 8259A will enter Special Mask Mode. If ESMM=1 and 

SMM=0 the MBL 8259 A will revert to normal mask mode. 

When ESMM=0, SMM has no effect. 
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Fig. 8-OPERATION COMMAND WORD FORMAT 
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FULLY NESTED MODE 

This mode is entered after initialization unless another 
mode is programmed. The interrupt requests are ordered in 
priority form through 7 (0 highest). When an interrupt is 
acknowledged the highest priority request is determined 
and its vector placed on the bus. Additionally, a bit of the 
Interrupt Service Register {ISRO-7) is set. This bit remains 
set until the microprocessor issues an End of Interrupt 
(EOl) command immediately before returning from the 
service routine, or if AEOI (Automatic End of Interrupt) 
bit is set, until the training edge of the last INTA. While the 
IS bit is set, all further interrupts of the same or lower 
priority are inhibited, while higher levels will generate an 
interrupt (which will be acknowledged only if the micro- 
processor internal interrupt enable flip-flop has been 
re-enabled through software). 

After the initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be changed, as 
will be explained, in the rotating priority mode, 

END OF INTERRUPT (EOl) 

The In-Service (IS) bit can be reset either automatically 
following the training edge of the last in sequence INTA 
pulse (when AEOI bit in ICW4 is set) or by a command 
word that must be issued to the MBL8259A before 
returning from a service routine (EOl command). An EOl 
command must be issued twice if in the Cascade mode, 
once for the master and once for the corresponding slave. 

There are two forms of EOl command: Specific and 
Non-Specific. When the MBL8259A is operated 
in modes which preserve the fully nested structure, 
it can determine which IS bit to reset on 
EOl. When a Non-Specific EOl command is issued the 
MBL8259A will automatically reset the highest IS bit of 
those that are set, since in the fully nested mode the highest 
IS level was necessarily the last level acknowledged and 
serviced. A non-specific EOl can be issued with 0CW2 
(EOI=1,SL=0, R=0). 

When a mode is used which may disturb the fully nested 
structure, the MBL8259A may no longer be able to 
determine the last level acknowledged. In this case a 
Specific End of Interrupt must be issued which includes as 
part of the command the IS level to be reset. A specific EOl 
can be issued with 0CW2 (E0I=1, SL=1, R=0, and L0-L2 is 
the binary level of the IS bit to be r^^et). 
It should be noted that an IS bit that is masked by an I MR 
bit will not be cleared by a non-specific EOl if the 
MBL 8259A is in the Special Mask Mode. 

AUTOMATIC END OF INTERRUPT (AEOI) MODE 

If AE0I=1 in ICW4, then the MBL 8259A will operated in 
AEOI mode continuously until reprogrammed by ICW4. In 
this mode the MBL 8259A will automatically perform a 
non-specific EOl operation at the training edge of the last 
interrupt acknowledge pulse (third pulse in MCS-80/85*, 
second in MBL 8086/8088). Note that from a system stand- 
point, this mode should be used only when a nested multi- 
level interrupt structure is not required within a single 
MBL8259A. 



The AEOI mode can only be used in a master MBL 8259A 
and not a slave. 

AUTOMATIC ROTATION 
(Equal Priority Devices) 

In some applications there are a number of interrupting 
devices of equal priority. In this mode a device, after being 
serviced, receives the lowest priority, so a device requesting 
an interrupt will have to wait, in the worst case until each 
of 7 other devices are serviced at most once. For example, 
if the priority and "in service" status is: 

Before Rotate (IR4 the highest priority requiring service) 

IS7 IS6 fS5 IS4 IS3 IS2 IS1 ISO 
"IS" Status loll I I i I I I I I 



Lowest Priority 
Priority i — ■^— 

Status L 



7 I 6 I 5" 



Highest Priority 



After Rotate (IR4 was serviced, all other priorities rotated 
correspondingly) 

IS7 IS6 IS5 IS4 IS3 IS2 IS1 ISO 
"IS" Status 



1 1 1 1 


1 1 1 


1 


Highest Priority 


Lowest Priority 




1 2 1 1 pb 


7 1 6 1 5 1 4 


3 1 



Priority 
Status 



There are two ways to accomplish Automatic Rotation 
using 0CW2, the Rotation on Non-$J3ecific EOl Command 
(R=1, SL=0, E0I=1) and the Rotate in Automatic EOl 
Mode which is set by (R=1, SL=0, EOI=0) and cleared by 
(R=0,SL=0, EOI=0). 

SPECIFIC ROTATION 
(Specific Priority) 

The programmer can change priorities by programming the 
bottom priority and thus fixing all other priorities; i.e.. If 
IR5 is programmed as the bottom priority device, then IR6 
will have the highest one. 

The Set Priority command is issued in 0CW2 where: R = 1, 
SL = 1; L0-L2 is the binary priority level code of the 
bottom priority device. 

Observe that in this mode internal status is updated by 
software control during 0CW2. However, it is independent 
of the End of Interrupt (EOl) command (also executed by 
0CW2). Priority changes can be executed during an EOl 
command by using the Rotate on Specific EOl command in 
0CW2 (R = 1, SL = 1, EOl = 1 and L0-L2 = IR level to 
receive bottom priority). 

INTERRUPT MASKS 

Each Interrupt Request input can be masked individually 
by the Interrupt Mask Register (I MR) programmed through 
0CW1. Each bit in the IMR masks one interrupt channel if 
it is set (1). Bit masks IRO, Bit 1 masks IRl and so forth. 
Masking and IR channel does not affect the other channels 
operation. 



* Trade Mark of Intel Corporation 
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SPECIAL MASK MODE 

Some applications may require an interrupt service routine 
to dynamically alter the system priority structure during its 
execution under software control. For example, the routine 
may wish to inhibit lower priority requests for a portion of 
its execution but enable some of them for another portion. 

The difficulty here is that if an Interrupt Request is 
acknowledged and an End of Interrupt command did not 
reset its IS bit (i.e. while executing a service routine), the 
MBL8259A would have inhibited all lower priority re- 
quests with no easy way for the routine to enable them. 

That is where the Special Mask Mode comes in. In the 
special Mask Mode, when a mask bit is set in 0CW1, it 
inhibits further interrupts at that level and enables inter- 
rupts from all other levels (lower as well as higher) that are 
not masked. 

Thus, any interrupts may be selectively enabled by loading 
the mask register. 

The special Mask Mode is set by 0CW3 where: ESMM = 1, 
SMM = 1 , and cleared where ESMM = 1 , SMM = 0. 



POLL COMMAND 

In this mode the INT output is not used or the microproces- 
sor internal Interrupt Enable flip-flop is reset, disabling its 
interrupt input. Service to devices is achieved by software 
using a Poll command. 

The Poll command is Issued by setting P = "1"in 0CW3. 
The MBL8259A treats the_next RD pulse to the 
MBL 8259A (i.e., RD = 0, CS = 0) as an interrupt 
acknowledge, sets the appropriate IS bit if there is a 
request, and reads the priority level. Interrupt is frozen 
from WR to RD. 

The word enabled onto the data bus during RD is: 

D7 D6 D5 D4 D3 D2 DI DO 



W2 W1 



WO 



W0-W2: Binary code of the highest priority level requesting 
service. 
1 : Equal to a "1 " if there is an interrupt. 

This mode is useful if there is a routine command common 
to several levels so that the INTA sequence is not needed 
(saves ROM space). Another application is to use the poll 
mode to expand the number of priority levels to more than 
64. 



Fig. 9-PRIORITY CELL-SIMPLIFIED LOGIC DIAGRAM 
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READING THE MBL 8259A STATUS 

The input status of several internal registers can be read to 
update the user information on the system. The following 
registers can be read via 0CW3 (IRR and ISR or 0CW1 
[IMR]). 

Interrupt Request Register (IRR): 8-bit register which 
contains the levels requesting an interrupt to be acknowl- 
edged. The highest request level is reset from the IRR when 
an interrupt is acknowledged. (Not affected by IMR.) 
In-Service Register (ISR): 8-bit register which contains the 
priority levels that are being serviced. The ISR is updated 
when an End of Interrupt Command is issued. 
Interrupt Mask Register (IMR): 8-bit register which contains 
the interrupt request lines which are masked. 
The IRR can be read when, prior to the RD pulse, a Read 
Register Command is issued with 0CW3 (RR=1, RIS=0.) 
The ISR can be read when, prior to the RD pulse, a Read 
Register Command is issued with 0CW3 {RR=1, RIS=1). 
There is no need to write an 0CW3 before every status read 
operation, as long as the status read corresponds with the 
previous one; i.e., the MBL 8259A "remembers" whether 
the IRR or ISR has been previously selected by the 0CW3. 
This is not true when poll is used. 
After initialization the MBL 8259A is set to IRR. 
For reading the IMR, no 0CW3 is needed. The output data 
bus will contain the IMR whenever RD is active and A0=1 
(0CW1). 
Polling overrides status read when P=1, RR=1 in 0CW3. 



EDGE AND LEVEL TRIGGERED MODES 

This mode is programmed using bit 3 in ICW1. 
If LTIM='0', an interrupt request will be recognized by a 
low to high transition on an IR input. The IR input can 
remain high without generating another interrupt. 
If LTIM='1', an interrupt request will be recognized by a 
'high' level on IR input, and there is no need for an edge 
detection. The interrupt request must be removed before 
the EOl command is issued or the CPU interrupt is enabled 
to prevent a second interrupt from occurring. 
The priority cell diagram shows a conceptual circuit of the 
level sensitive and edge sensitive input circuity of the MBL 
8259A. Be sure to note that the request latch is a 
transparent D type latch. 

In both the edge and level triggered modes the IR inputs 
must remain high until after the falling edge of the first 
INTA. If the IR input goes low before this time a 
DEFAULT IR7 vyill occur when the CPU acknowledges the 
interrupt. This can be a useful safeguard for detecting 
interrupts caused by spurious noise glitches on the IR 
inputs. To implement this feature the IR7 routine Is used 
for "clean up" simply executing a return instruction, thus 
ignoring the interrupt. If IR7 is needed for other purposes a 
default IR7 can still be detected by reading the ISR. A 
normal IR7 interrupt will set the corresponding ISR bit, a 
default IR7 won't. If a default IR7 routine occurs during a 
normal IR7 routine, however, the ISR will remain set. In 
this case it is necessary to keep track of whether or not the 
IR7 routine was previously entered. If another IR7 occurs 
it is a default. 



Fig. 10-iR TRIGGERING TIMING REQUIREMENTS 
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THE SPECIAL FULLY NESTED MODE 

This mode will be used in the case of a big system where 
cascading Is used, and the priority has to be conserved 
within each slave. In this case the fully nested mode will be 
programmed to the master (using ICW4). This mode is 
similar to the normal nested mode with the following 
exceptions: 

a. When an interrupt request from a certain slave is in 
service this slave is not locked out from the master's 
priority logic and further interrupt requests from higher 
priority IR's within the slavt will be recognized by the 
master and will initiate interrupts to the processor. (In 
the normal nested mode a slave is masked out when its 
request is in service and no higher requests from the 
same slave can be serviced.) 

b. When exiting the Interrupt Service routine the software 
has to check whether the Interrupt serviced was the only 
one from that slave. This is done by sending a 
non-specific End of Interrupt (EOl) command to the 
slave and then reading Its In-Service register and checking 
for zero. If it is empty, a non-specific EOl can be sent to 
the master too. If not, no EOl should be sent. 

BUFFERED MODE 

When the MBL 8259A is used in a large system where bus 
driving buffers are required on the data bus and the 
cascading mode Is used, there exists the problem of 
enabling buffers. 

The buffered mode vviM structure the MBL 8259A to send 
an enable signal on SP/EN to enable the buffers. In this 
mode, whenever_the MBL 8259A's data bus outputs are 
enabled, the SP/EN output becomes active. 



This modification forces the use of software programming 
to determine whether the MBL 8259A is a master or a 
slave. Bit 3 in ICW4 programs the buffered mode, and bit 2 
in ICW4 determines whether it is a master of a slave. 

CASCADE MODE 

The MBL 8259 A can be easily interconnected Ih a system 
of one master with up to eight slaves to handle up to 64 
priority levels. 

The master controls the slaves through the 3 line cascade 
bus. The cascade bus acts like chip selects to the slaves 
during the INTA sequence. 

In a cascade configuration, the slave Interrupt outputs are 
connected to the master interrupt request inputs. When a 
slave request line is activated and afterwards acknowledged, 
the master will enable the corresponding slave to rele ase the 
device routine address during bytes 2 and 3 of INTA. (Byte 
2 only for MBL 8086/8088). 

The cascade bus lines are normally low and will conta in the 
slave address code from the trailing edge of the first INTA 
pulse to the trailing edge of the third pulse. Each MBL 
8259A in the system must follow a separate Initialization 
sequence and can be programmed to work in a different 
mode. An EOl command must be issued twice: once for the 
master and once for the corresponding slave. An address 
decoder is required to activate the Chip Select (CS) input of 
each MBL 8259A. 

The cascade lines of the Master MBL 8259A are activated 
only for slave inputs, non slave inputs leave the cascade line 
inactive (low). 



Fig. 11 - CASCADING THE MBL 8259A (22 INTERRUPT LEVELS) 
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Special consideration should be taken when mixed inter- 
rupt requests are assigned to a master 8259A; that is, when 
some of the master's IR inputs are used for slave interrupt 
requests and some are used for individual interrupt re- 
quests. In this type of structure, the master's IRO must not 
be used for a slave. This is because when an IR input that 
isn't initialized as a slave receives an interrupt request, 



the CASO-2 lines won't be activated, thus staying in the 
default condition addressing for IRO (slave IRO). If a slave 
is connected to the master's IRO when a non-slave inter- 
rupt occurs on another master IR input, erroneous con- 
ditions may result. Thus IRO should be the last choice 
when assigning slaves to IR inputs. 
{© Intel Corporation, 1979) 



Fig. 12 -CASCADE-BUFFERED MODE EXAMPLE 
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ABSOLUTE MAXIMUM RATING* 

Ambient Temperature Under Bias 0°C to 70° C 

Storage Temperature -55°C to +150°C 

Voltage on Any Pin 

with Respect ot Ground -0.5V to+7V 

Power Dissipation 1 W 



*NOTE:' Permanent device damage may occur if ABSO- 
LUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the 
conditions as detailed in the operational sections 
of this data sheet. Exposure to absolute maxi- 
mum rating conditions for extended periods may 
affect device reliability. 



D.C. CHARACTERISTICS (Vcc = 5V ± 10%, T^= 0°C to 70°C) 








Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


V,L 


Input Low Voltage 


-0.5 


0.8 


V 




V,H 


Input High Voltage 


2.Q 


Vcc+0.5V 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2.2mA 


VoH 


Output High Voltage 


2.4 




V 


loH = -400//A 


VoH(INT) 


Interrupt Output High Voltage 


3.5 




V 


loH=-100AtA 


2.4 




V 


loH = -400iuA 


Ili 


Input Load Current 


-10 


+10 


MA 


OV<V,N<Vcc 


'lol 


Output Leakage Current 


-10 


+10 


MA 


0.45V < VouT< Vcc 


Ice 


Vcc Supply Current 




85 


mA 




'lir 


IR Input Load Current 




-300 


ma 


V,N = ov 




10 


ma 


V,N = Vcc 



CAPACITANCE (T^ = 25°C, Vcc = GND = OV) 



Symbol 


Parameter 


Min. 


Typ. 


Max. 


Unit 


Test Conditions 


C|N 


Input Capacitance 






10 


PF 


fc = 1 MHz 


C|/o 


I/O Capacitance 






20 


PF 


Unmeasured pins returned to Vss 
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A.C. CHARACTERISTICS (Vcc = 5V± 10%,Ta =0°Cto 70°C) 
TIMING REQUIREMENTS 



Symbo! 


Parameter 


MBL 8259A 


MBL 8259A-2 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


TAHRL 


AO/CS Setup to RD/INTAI 












ns 




TRHAX 


AO/CS Hold after RD/INTAt 












ns 




TRLRH 


RD Pulse Width 


235 




160 




ns 




TAHWL 


AO/CS Setup to WR; 












ns 




TWHAX 


AO/CS Hold after WRt 












ns 




TWLWH 


WR Pulse Width 


290 




190 




ns 




TDVWH 


Data Setup to WRt 


240 




160 




ns 




TWHDX 


Data Hold after WRt 












ns 




TJLJH 


Interrupt Request Width (Low) 


100 




100 




ns 


See Note 1 


TCVIAL 


Cascade Setup to Second or Third 
INTAI (SlvaeOnly) 


55 




40 




ns 




TRHRL 


End of RD to next RD 

End of INTA to next INTA within 

an INTA sequence only 


160 




160 




ns 




TWHWL 


EndofWRtonextWR 


190 




190 




ns 




*TCHCL 


End of Command to next Command 
(Not same command type) 


500 




500 




ns 






End of INTA sequence to next INTA 
sequence. 



*Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. Intel 8085A 
= 1 .6/zs, Intel 8085A-2 = l/is, MBL 8086 = l/is, MBL 8086-2 = 625 ns) 
NOTE: This is the low time required to clear the input latch in the edge triggered mode. 
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TIMING RESPONSES 



Symbol 


Parameter 


MBL 8259A 


MBL 8259A-2 


Units 


Test Conditions 


Min. 


Max. 


Min. 


Max. 


TRLDV 


Data Valid from RD/INTAI 




200 




120 


ns 


C of Data Bus = 

100 pF 
/■ •\ 

C of Data Bus 

Max. text C=100pF 
1 Min. text C = 15pF J 

C,NT = 100pF 

CcASCADE = ''OOpF 


TRHDZ 


Data Float after RD/INTAt 


10 


100 


10 


85 


ns 


TJHIH 


Interrupt Output Delay 




350 




300 


ns 


TIALCV 






565 




360 


ns 


Cascade Valid from First INTAI 
(Master Only) 


TRLEL 


Enable Active from RDI or INTAJ- 




125 




100 


ns 


TRHEH 


Enable Inactive from RDt or INTAt 




150 




150 


ns 


TAHDV 


Data Valid from Stable Address 




200 




200 


ns 


TCVDV 


Cascade Valid to Valid Data 




300 




200 


ns 



A.C. TESTING INPUT/OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT 

2.4 



0.45 / \H_ 



TESTPOINTSC 






AC TESTING INPUTS AR E DRIVEN AT 2.4V FOR A 
LOGIC "1" AND 0.45V FOR A LOGIC "0". TIMING 
MEASUREMENTS ARE MADE AT 2.0V FOR A 
LOGIC "1" AND 0.8V FOR A LOGIC "0". 











DEVICE 

UNDER 

TEST 




1, 


Cl= 


lOOpF 
NCLUDES JIG CAPACITANCE) 



WAVEFORMS 



WRITE 



^. 



TAHWL 



CS 

ADDRESS BUS 
Ao 



>: 



DATA BUS (D0-D7) 



/ 



TDVWH 



K 



% A 



-TWHDX 
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WAVEFORMS (Continued) 



READ/INTA 



RD/INTA 



EN 



CS 

ADDRESS BUS 
Ao 



DATA BUS 



^. 



>: 



^ 



-TRLDV- 



f-™ I ^nuv ^-yi 



if 



H^TRHEH 



K 



y — 



OTHER TIMINGS 

RD 








/ 
/ 


INTA V 


/ 

/ 
/ 


TRHRL ^ 


\ 


WH "■ \ 

RD 


— TWHWL — 


INIA V 
WR \ 

RD 


— TCHCL 


\ 


/ 


INTA \ 
WR ^ 
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WAVEFORMS (Continued) 



INTA SEQUENCE 



V/ 



INT 

Tnta 



/ 



\XD ®V^ 



DATA BUS 



<z>--o--^i>- 



CAS 0-2 



TCVIAL 



A 



TIALCV 



,®\ @\ 



H 



NOTES: Interrupt output must remain HIGH at lea st unti l leading edge of first INTA. 
® MBL 8086/8088 system mode: at first INTA the Data Bus is not active. 
(5)8080/8085 system mode: only. 
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PACKAGE ILLUSTRATION 



CERAMIC DIP 
(Metal Seal) 




PLASTIC DIMENSIONS 
CERAMIC DIP(Suffix: -C) 



28-LEAD CERAMIC iMETAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No. : DIP 28C-A01) 



.050(1.27) 
REF 



INDEX AREA 



) 



c= 



1.386(35.20) 



1.414(35.92) 



.585(14.86) 
.605(15.37) 




.590(14.99) 
.610(15.49) 



.008(0.20) 



. 057(1. 45)MAX 



H 


_ _ _ 


L 


n n n n ' 


' n n n n ~ 


ll i 




.046(1.17) 


.015(0.38) 






.090(2.29) 








.110(2.79) 


mm m- 


.054(1.37) 


.023(0.58) 


.060(1.53) 








1.300(33.02)RI 


EF 





177(4.50)MAX 



.120(3.05) 
.150(3.81) 



Dimensions in 
inches (millimeters) 



©1986 FUJITSU LIMITED D28005S 1C 
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PACKAGE ILLUSTRATION 



PLASTIC DIP 
(Plastic Molding) 




PACKAGE DIMENSIONS 
PLASTIC DIP (Suffix: -P) 



28-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No. : DIP-28P-M02) 



.n n n n n n n run n n n n n. 



X. 




(EJECTOR MARK) 



uuuuuuuuuuuuuu 

1.389(35.28) 



.533(13.55) 
.553(14.05) 



590(14.99) 
.610(15.49) 



1 



.062(1. 58)MAX 



■039(0.99) 
.059(1.49) 



■ 100(2.54) 




© 1986 FUJITSU LIMITED D28006S-1C 



'^ 




,195(4.96)MAX 
.118(3.00)MIN 
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Advanced Products 



FUJITSU 



MBL8282 
MBL8283 

Bipolar Octal Latch 



November 1986 
Edition 4.0 



Description 



Features 



The MBL8282 and MBL8283 are 8-bit bipolar latches with 3- 
state output buffers. They can be used to implement latches, 
buffers or multiplexers. The MBL8283 inverts the input data at 
its outputs while the MBL8282 does not. Thus, all of the 
principle peripherals and input/output functions of a 
microcomputer system can be implemented with these devices. 



■ Address Latch for MBL8086, 
MBL8088, MBL8089, MCS- 
80*, MCS-85*, MCS-48* 
Families 

■ Higii Output Drive 
Capability for Driving 
System Data Bus 

■ Fully Parallel 8-Bit Data 
Register and Buffer 



■ IVansparent during Active 
Strobe 

■ 3-State Outputs 

■ 2a-Pin DIP Pacicage 

■ No Output Low Noise when 
Entering or Leaving High 
Impedance State 



Portions reprinted by permission of Intel Corporation © Intel Corporation, 1 983. 
Compilation and additional materials ©1985 by FUJITSU LIMITED, Tokyo, Japan. 
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MBL8283 



Logic Diagrams 



& 



EJ 



CJ 



1^^^ 



D Q 
CLK 



Pin Configurations 



c-El E3— : 



— T' 



.-T' 



.J-^ 



1B E2~ 






"^ E3-^ 



—> 



I — 



Dioc: 
Diic: 
DI2 
DI3C 

Die 
DI7 

oEc: 

GND 



1 


""^r 


20 


2 




19 


3 




18 


4 




17 


5 
6 


TOP 
VIEW 


16 
15 


7 




14 


8 




13 


9 




12 


10 




11 



Vcc 

DOo 
DO1 
DO2 
DO3 
DO4 
DO5 

Z3 DOe 
DO7 
STB 



DIo 
DI1CZ 
DI2 
DI3 
DI4 
DI5 
Die 
DI7 
OE CH 
GND 



1 


"V>r 


20 


2 




19 


3 




18 


4 




17 


5 


TOP 


16 


6 


VIEW 


15 


7 




14 


8 




13 


9 




12 


10 




11 



Z]Vcc 

DOo 
DO1 
DO2 
DO 3 
DO 4 
DO5 
DOe 

D07 

STB 



-\ 



-Tt 



^ m 
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Functional Description 



The MBL8282 and MBL8283 
are 8-bit latches with 3-state 
output buffers. Data having 
satisfied the setup time 
requirements is clocl<ed into 
the data latches by strobing 
the STB line HIGH to LOW. 



Holding the STB line in its 
active HIGH state makes the 
latches appear transparent. 
Data is presented to the data 
output pins by activating the 
OE input line. When OE is 
inactive HIGH the output 



buffers are in their high 
impedance state. Enabling or 
disabling the output buffers 
will not cause negative-going 
transients to appear on the 
data output bus. 



Pin Description 



Absoiute Maximum 
Ratings* 



Pin 



Description 



STB STROBE (Input). STB is an input control pulse used to strobe 

data at the data input pins (A0-A7) into the data latches. This 
signal is active to HIGH to allow data in. The data is latched during 

the HIGH to LOW transition of STB. 

OE OUTPUT ENABLE (Input) OE is an input control signal which 

when active LOW enables the contents of the data latches to be 
sent to the data output pins (B0-B7). OE being inactive HIGH forces 
the output buffers to their high impedance state. 



DI0-DI7 

DO0-DO7 
(MBL 8282) 
DO0-DO7 
(MBL8283) 



DATA INPUT PINS (Input). Data present at these pins is clocked 
into the data input latches when STB is strobed. 

DATA OUTPUT PINS (Output). When OE is low, the data in the 
data latches appears as inverted (MBL8283) or non-inverted 
(MBL8282) data on the data output pins. 



Parameter 


Rating 


Unit 


Temperature Under Bias 


0° to 70° 


°C 


Storage Temperature 


-65° to +150° 


°C 


Supply Voltage 


-0.5 to +7.0 


V 


All Input Voltages 


-0.5 to +70 


V 


All Output Voltages (3-State Output) 


+5.5 


V 


Power Dissipation 


1.0 


w 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional 
operation should be restricted to the conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



FUJITSU 
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D.C. Characteristics 

(Vcc = 5V ±10%. Ta = CC 
to 70°C) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


Vc 


Input Clamp Voltage 




-1 


V 


Ic = -5 mA 


Ice 


Power Supply Current 




160 


mA 




•f 


Forward Input Current 




-0.2 


mA 


Vp = 0.45V 


Ir 


Reverse Input Current 




50 


//A 


Vr = 5.25V 


Vol 


Output Low Voltage 




0.45 


V 


Iql = 32 mA 


VOH 


Output High Voltage 


2.4 




V 


loH = -5 mA 


'off 


Output Off Current 




±50 


^^ 


VoFF = 0.45V to 5.25V 


V,L 


Input Low Voltage 




0.8 


V 


Vcc = 5.0V See Note 1 


V,H 


Input High Voltage 


2.0 




V 


Vcc = 5.0V See Note 1 


C|N 


Input Capacitance 




12 


PF 


F = 1 MHz 

Vbias = 2.5V. Vcc = 5V 

Ta = 25'>C 



Note: 

1. Output Loading Iql = 32mA, Iqh = -5mA, Cl = 300pF. 



A.C. Characteristics 

(Vcc = 5V ±10%, Ta = 0°C 
to 70°C, Loading: Outputs- 
Iql = 32mA, Iqh = -5mA, 
Cl = 300pF) 



Symboi 



Parameter 



IMin. 



IMax. Units Test Conditions 



TIVOV Input to Output Delay 

—Inverting (MBL8283) 5 22 ns 

—Non-Inverting (MBL8282) 5 30 ns 



TSHOV 


STB to Output Delay 
—Inverting (MBL8283) 
—Non-Inverting (MBL8282) 


10 
10 


40 
45 


ns 
ns 


TEHOZ 


Output Disable Time 


5 


18 


ns 


TELOV 


Output Enable Time 


10 


30 


ns 


TIVSL 


Input to STB Setup Time 







ns 


TSLIX 


Input to STB Hold Time 


25 




ns 



(See Note 1) 



TSHSL STB High Time 


15 




ns 




TILIH, TOLOH Input, Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TIHIL, TOHOL Input, Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



Note: 

1. See waveforms and test load circuit on following page. 



A.C. Testing input/ 
Output Waveform 



v V 

* 1.5 -*- TEST POINTS -*- 1.5 ¥ 

-A — /V 



FUJITSU 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A 
LOGIC "1" AND 0.45V FOR A LOGIC "0. " TIMING MEAS- 
UREMENTS ARE MADE AT 1.5V FOR BOTH A LOGIC "1 " 
AND "0". INPUT RISE AND FALL TIMES ARE MEASURED 
FROM ).8V TO 2.0V AND ARE DRIVEN AT 5±2ns. 
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Waveforms 



J 



T 



-< TSHSL »• 



•« H TS 



\ 



X 



/ 1 



.«--H TEHOZ 
VoH-.1V 



> voH-.iv r" 



VoL+.IV 



NOTE: 1. FOR MBL 8283 ONLY— OUTPUT MAY BE MOMENTARILY INVALID FOLLOWING 
THE HIGH GOING STB TRANSITION. 
2. ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE NOTED. 



Output Test Load Circuits 



1.5V 

I 



Tr^: 300 pF 



1.5V 

I 



:±: 300 pF 



Z.14V 

I 



^ 300 pF 



3-STATE TO Vql 



3-STATE TO VoH 



Output Delay vs. 
Capacitance 



«r 30 

c 

O 20 



>no^ 



c^st 



.^ypVCM;^ 



-J I I I I 

200 400 600 800 1000 

LOAD pF 




_J I , I I I 

200 400 600 800 1000 

LOAD pF 



FUJITSU 
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Package Dimensions 

Dimensions in inches 
(miliimeters) 



20-Leacl Ceramic 
Dual in-Line Paclcage 
DiP-20C-C01 



x 



FUJITSU 



.305(7.75) 
.325(8.26) 




.300(7.62)TYP 



.008(0.20) / 
.014(0.36) 



200t5.08)MAX 
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BIPOLAR 
CLOCK GENERATOR/DRIVER 



MBL8284A 
MBL 8284A-1 



April 1986 
Edition 4.0 



BIPOLAR CLOCK GENERATOR AND DRiVER FOR MBL 8086/8088/8089 



• Generates the System Clock for the 
MBL 8086/8088/8089 
Processors: 

5MHz and 8MHz with MBL 8284A 
10MHz with MBL 8284A-1 

• Uses a Crystal or a TTL Signal for 
Frequency Source 

• Provides Local READY and Multibus^ 
READY Synchronization 



• Generates System Reset Output from 
Schmitt Trigger Input 

• Capable of Clock Synchronization with 
Other MBL 8284As 

• Single +5V Power Supply 

• 18-Pin Cerdip (Suffix: -CZ) 



Fig. 1 BLOCK DIAGRAM 



Fig. 2 - PIN CONFIGURATION 





*Trade Mark of Intel Corporation 

Portions Reprinted by permission of Intel Corporation 
© Intel Corporation, 1983 
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PIN DESCRIPTION 
TABLE 1 - PIN DISCRIPTION 



Symbol 


Type 


Name and Function 


AEN1, 
AEN2 


1 


Address Enable: AEN is an active LOW signal. AEN serves to qualify its respective Bus Ready 
Signal (RDYI or RDY2). AEN1 validates RDY1 while AEN2 validates RDY2. Two AEN 
signal inputs are useful in system configurations which permit the processor to access two 
Multi-Master System Busses. In non Multi-Master configurations the AEN signal inputs are tied 
true (LOW). 


RDY1, 
RDY2 


1 


Bus Ready: (Transfer Complete), RDY is an active HIGH signal which is an indication from 
a device located on the system data bus that data has been received, or is available. RDYI is 
qualified by AEN1 while RDY2 is qualified by AEN2. 


ASYNC 


1 


Ready Synchronization Select: ASYNC is an input which defines the synchronization mode 


of the READY logic. When ASYNC is low, two stages of READY synchronization are 
provided. When ASYNC is left open (internal pull-up resistor is provided.) or HIGH a single 
stage of READY synchronization is provided. 


READY 





Ready: READY is an active HIGH signal which is the synchronized RDY signal input. 
READY is cleared after the guaranteed hold time to the processor has been met. 


XI, X2 


1 


Crystal In: XI and X2 are the pins to which a crystal Is attached. The crystal frequency is 3 
times the desired processor clock frequency. 


F/C 


1 


Frequency /Crystal Select: F/C Is a strapping option. When strapped LOW, F/C permits the 
processor's clock to be generated by the crystal. When F/C is strapped HIGH, CLK is 
generated from the EFI Input. 


EFI 


1 


External Frequency: When F/C is strapped HIGH, CLK is generated from the input frequency 
appearing on this pin. The input signal is a square wave 3 times the frequency of the desired 
CLK output. 


CLK 





Processor Clock: CLK is the clock output used by the processor and all devices which 
directly connect to the processor's local bus (i.e., the bipolar support chips and other MOS 
devices). CLK has an output frequency which is i/3 of the crystal or EFI input frequency 
and a i/3 duty cycle. An output HIGH of 4.5 volts (Vcc = 5V) Is provided on this pin to 
drive MOS devices. 


PCLK 





Peripheral Clock: PCLK is a TTL level peripheral clock signal whose output frequency is 1/2 
that of CLK and has a 50% duty cycle. 


OSC 





Oscillator Output: OSC is the TTL level output of the internal oscillator circuitry. Its 
frequency is equal to that of the crystal. 


RES 


1 


Reset In: RES is an active LOW signal which is used to generate RESET. The MBL 8284A 
provides a Schmitt trigger input so that an RC connection can be used to establish the power- 
up reset of proper duration. 


RESET 





Reset: RESET is an active HIGH signal which is used to reset the MBL 8086 family pro- 
cessors, its timing characteristics are determined by RES. 


CSYNC 


1 


Clock Synchronization: CSYNC is an active HIGH signal which allows multiple MBL 8284A 
to be synchronized to provide clocks that are in phase. When CSYNC is HIGH the internal 
counters are reset. When CSYNC goes LOW the internal counters are allowed to resume count- 
ing. CSYNC needs to be externally synchronized to EFI. When using the internal oscillator 
CSYNC should be hardwired to ground. 


GND 




Ground. 


Vcc 




Power: -t-5V supply. 
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FUNCTIONAL DESCRIPTION 

GENERAL 

The MBL 8284A is a single chip clock generator/driver for 
the MBL 8086/MBL8088/MBL 8089 processors. The 
chip contains a crystal-controlled oscillator, a divide- 
by-three counter, complete MULTIBUS* "Ready" syn- 
chronization and reset logic. Refer to Figure 1 for Block 
Diagram and Figure 2 for Pin Configuration. 

OSCILLATOR 

The oscillator circuit of the MBL8284A is designed 
primarily for use with an external series resonant, funda- 
mental mode, crystal from which the basic operating fre- 
quency is derived. 

The crystal frequency should be selected at three times 
the required CPU clock. XI and X2 are the two crystal 
input crystal connections. For the most stable operation 
of the oscillator (OSC) output circuit, two series resistors 
(Ri = R2 = 51012) as shown in the waveform figures are 
recommended. The output of the oscillator is buffered 
and brought out on OSC so that other system timing 
signals can be derived from this stable, crystal -control led 
source. 

For systems which have a Vcc ramp time > 1 V/ms and/or 
have inherent board capacitance between XI or X2, ex- 
ceeding lOpF (not including MBL 8284A pin capacitance), 
the two 510r2 resistors should be used. This circuit 
provides optimum stability for the oscillator in such 
extreme conditions. It is advisable to limit stray capaci- 
tances to less than lOpF on X1 and X2 to minimize 
deviation from operating at the fundamental frequency. 
For notes of using MBL 8284A, see page 10. 

CLOCK GENERATOR 

The clock generator consists of a synchronous divide- 
by-three counter with a special clear Input that inhibits 
the counting. This clear input (CSYNC) allows the out- 
put clock to be synchronized with an external event 
(such as another MBL 8284A clock). It is necessary to 
synchronize the CSYNC input to the EFI clock external 
to the MBL 8284A. This is accomplished with two Schot- 
tky flip-flops. The counter output is a 33% duty cycle 
clock at one-third the input frequency. 

The F/C input is a strapping pin that selects either the 
crystal oscillator or the EFI input as the clock for the-^3 
counter. If the EFI input is selected as the clock source, 
the oscillator section can be used independently for 
another clock source. Output Is taken from OSC. 

CLOCK OUTPUTS 

The CLK output is a 33% duty cycle M OS clock driver 
designed to drive the MBL 8086/MBL 8088/MBL 8089 
processors directly. PCLK is a TTL level peripheral 



clock signal whose output frequency is V2 that of CLK, 
PCLK has a 50% duty cycle. 

RESET LOGIC 

The reset logic provides a Schmitt trigger input (RES) 
and a synchronizing flip-flop to generate the reset timing. 
The reset signal is synchronized to the falling edge of CLK. 
A simple RC network can be used to provide power-on 
reset by utilizing this function of the MBL 8284A. 

READY SYNCHRONIZATION 

Two READY inputs (RDY1, RDY2) are provided to ac- 
commodate tw o Mult i-Mas ter sys tem busses. Each input 
has a qualifier (AEN1 and AEN2, respectively). The AEN 
signals validate their respective RDY signals. If a Multi- 
Master system is not being used the AEN pin should be 
tied LOW. 

Synchronization is required for all asynchronous active- 
going edges of either RDY input to guarantee that the 
RDY setup and hold times are met. Inactive-going edges 
of RDY in normally ready systems do not require syn- 
chronization but must satisfy RDY setup and hold as a 
matter of proper system design. 



The ASYNC input defines two modes of READY syn- 
chronization operation. 



When ASYNC is LOW, two stages of synchronization are 
provided for active READY input signals. Positive-going 
asynchronous READY inputs will first be synchronized 
to flip-flop one at the rising edge of CLK and then syn- 
chronized to flip-flop two at the next falling edge of CLK, 
after which time the READY output will go active 
(HIGH). Negative-going asynchronous READY inputs 
will be synchronized directly to flip-flop two at the fal- 
ling edge of CLK, after which time the READY output 
will go inactive. This mode of operation is intended for 
use by asynchronous (normally not ready) devices in the 
system which cannot be guaranteed by design to meet the 
required RDY setup timing, tpivcL' o" ®9ch bus cycle. 



When ASYNC is high or left open, the first READY flip- 
flop is bypassed in the READY synchronization logic. 
READY input? are synchronized by flip-flop two on the 
falling edge of CLK before they are presented to the 
processor. This mode is available for synchronous devices 
that can be guaranteed to meet the required RDY setup 
time. 



ASYNC can be changed on every bus cycle to select the 
appropriate mode of synchronization for each device in 
the system. 



* Trade Mark of Intel Corporation, USA 
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CLOCK v^ 


Fig.3-CSYNC SYNCHRONIZATION 
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-^(TO OTHER MBL8284AS) 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°Cto +150°C 

Supply Voltages -0.5V to +7.0V 

All Input and Output Voltages -0.5V to V^.^ 

Power Dissipation 1.0 W 



»NOTE: Permanent device damage may occur If ABSO- 
LUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the 
conditions as detailed in the operational sections 
of this data sheet. Exposure to absolute maxi- 
mum rating conditions for extended periods may 
affect device reliability. 



D.C. CHARACTERISTICS (Vcc = 5V±10%, Ta = 0°C to 70° C) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Test Conditions 


If 


Forward Input Current 






-1.3 
-0.5 


mA 
mA 


Vf = 0.45V 
Vp = 0.45 V 


ASYNC 
Other Inputs 


Ir 


Reverse Input Current 






50 
50 


MA 
MA 


Vr=Vcc 
Vr = 5.25V 


ASYNC 
Other Inputs 


Vc 


Input Forward Clamp Voltage 




-1.0 


V 


Ic = -5mA 


Ice 


Power Supply Current 




162 


mA 




V.L 


Input LOW Voltage 




0.8 


V 




V,H 


Input HIGH Voltage 


2.0 




V 




VlHR 


Reset Input HIGH Voltage 


2.6 




V 




Vol 


Output LOW Voltage 




0.45 


V 


Iql = 5mA 


VoH 


Output HIGH Voltage 


CLK 
Other Outputs 


4 
2.4 




V 
V 


loH =-1mA 
loH =-1mA 


V,HR-V,LR 


RES Input Hysteresis 


0.25 




V 
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A.C. CHARACTERISTICS (Vcc = 5V±10%, Ta = 0°C to 70° C) 
TIMING REQUIREMENTS 



Symbol 


Parameter 


IVIin. 


Max. 


Units 


Test Conditions 


^EHEL 


External Frequency HIGH Time 


13 




ns 


(90% - 90%)V,M 


^ELEH 


External Frequency LOW Time 


13 




ns 


(10%-10%)V,N 


^ELEL 


EFI Period (Note 1) 


40 




ns 


ForMBL8284A 


33 


For MBL 8284 A- 1 




XTAL Frequency 


12 


25 


MHz 


For MBL 8284A 


30 


ForMBL8284A-1 


^RIVCL 


RDY1, RDY2 Active Setup to CLK 


35 




ns 




ASYNC = HIGH 


^RIVCH 


RDY1, RDY2 Active Setup to CLK 


35 




ns 




ASYNC = LOW 


tRIVCL 


RDY1, RDY2 Inactive Setup to CLK 


35 




ns 




^CLRIX 


RDY1,RDY2HoldtoCLK 







ns 




Uyvcl 




50 




ns 




ASYNC Setup to CLK 


tcLAYX 









ns 




ASYNC Hold to CLK 


^AIVRW 




15 




ns 




AEN1, AEN2 Setup to RDY1, RDY2 


tcLAlX 









ns 




AEN1, AEN2HoldtoCLK 


^YHEH 


CSYNC Setup to EFI 


20 




ns 




^EHYL 


CSYNCHoldtoEFI 


10 




ns 




^YHYL 


CSYNC Width 


2-tELEL 




ns 




t|1HCL 


RES Setup to CLK 


65 




ns 


(Notel) 


tcLMH 


RES Hold to CLK 


20 




ns 


(Notel) 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 



Symbol 


Parameter 


MBL 8284A 
Min. 


MBL 8284A-1 
Min. 


Max. 


Units 


Test Conditions 


tCLCL 


CLK Cycle Period 


125 


100 




ns 




tcHCL 


CLK HIGH Time 


(Va tcLCL)+2 


39 




ns 




^CLCH 


CLK LOW Time 


('/3tcLCL)-15 


53 




ns 




tcH1CH2 


CLK Rise Time 






10 


ns 


From 1.0V to 3.5V 


tcL2CL2 


CLK Fall time 






10 


ns 


From 3.5V to 1.0V 


tpHPL 


PCLK HIGH Time 


tcLCL-20 


tcLCL-20 




ns 




tpLPH 


PCLK LOW Time 


tcLCL-20 


tcLCL-20 




ns 




^RYLCL 


Ready Inactive to CLK 


-8 


-8 




ns 


(Note 3) 


tRYHCH 


Ready Active to CLK 


(%tcLCL)-15 


53 




ns 


(Note 2) 


tcLIL 


CLK to Reset Delay 






40 


ns 




tcLPH 


CLK to PCLK HIGH Delay 






22 


ns 




^CLPL 


CLK to PCLK LOW Delay 






22 


ns 




^OLCH 


OSCtoCLK HIGH Delay 


-5 


-5 


22 


ns 




tOLCL 


OSC to CLK LOW Delay 


2 


-2 


35 


ns 




^OLOH 


Output Rise Time (except CLK) 






20 


ns 


From 0.8V to 2.0V 


tOHOL 


Output Fall Time (except CLK) 






12 


ns 


From 2.0V to 0.8V 



NOTES: 

1. Setup and hold necessary only to guarantee recognition at next clock. 

2. Applies only to T3 and T^ states. 

3. Applies only to T2 states. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



' — V y — 

^ 1.5 —TEST POINTS-^ 1.5 -^ 



A.C. TESTING: Inputs are driven at 2.4V for a logic "1" 
and 0.45V for a logic "0". timing measurements are made 
at 1.5V for both a logic "1" and "0". Input rise and fall 
times (measured between 0.8V and 2.0V) are 5±2ns. 



A.C. TESTING LOAD CIRCUIT 

Vl 



DEVICE 

UNDER 

TEST 



~^^^-.^ 


Vl(V) 


Ru(n) 


Cu(pF) 


CLK 


3.41V 


590 


100 


READY 


2.08V 


325 


30 
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WAVEFORMS 



CLOCKS AND RESET SIGNALS 



NAME I/O /— . I—. 

EF' u \J v.. 




tEHYL- 



tVHYL 



^EHEL 




-^YHEH 



-tPLPH- 



-*PHPL- 



^CLIIH *I1HCL 



^CLIL 



t 



NOTE: All timing measurements are made at 1.5 volts, unless otherwise noted. 



READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 



tCLRIxl— 

tRIVCH- 



RDY1,2 



AEN1,2 



ASYNC 



r\ 



^AIVRIV 



^AYVCL 



tRYHCH 



n. 



-— *R1VCL-^ 



tCLRIX 



tCLAlX 



tCLAYX 



tRYLCL- 
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WAVEFORMS (Continued) 



RDY1,2 



AEN1,2 



ASYNC 



READY 



READY SIGNALS (FOR SYNCHRONOUS DEVICES) 



ri. 



-tCLRIX- 



*A1VR1V 



=1 



c 



^RIVCL 



^AYVCL 



tpYHCH 



n 



— tpiVCL-^ 



tCLRIX 



tCLAlX 



^CLAYX 



■\ 



tRYLCL- 









CLOCK 


HIGH AND 


LOW TIME (USING XI, X2) 








XI CLK 

X2 

F/C 

CSYNC 




LOAD 
(SEE NOTED 




i 


:«« : 


Xtain 














Xtal = 24 MHz for MBL 8284A 
= 30 MHz for MBL 8284A-1 

R, =R, =510n 


:r, 

4 























CLOCK HIGH AND LOW TIME (USING EFI) 



PULSE 
GENERATOR 




EFI 
F/C 
CSYNC 


CLK 




LOAD 
(SEE NOTED 


Vcc 

T 


















± 
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READY 


TO CLOCK (USING XI 

Vcc 


,X2) 








T 


AEN1 CLK 

XI 

READY 
X2 

RDY2 OSC 

F/C 

AEN2 

CSYNC 




LOAD 
(SEE NOTED 




















< 


JL 




LOAD 
(SEE NOTE 2) 






...^ 




















PULSE 
GENERATOR 

TRIGGER 








> > 








Xtal = 24 MHz for MBL 8284A 
= 30 MHz for MBL 8284A-1 

R, =R^ =510n 




»► * 












- 




i 






- 


"ZZ 























NOTES: 

1. Cl = 100pF 

2. Cl = 30 pF 







READY TO CLOCK (USING EFI) 








PULSE 
GENERATOR 




EFI CLK 

F/C 

AEN1 

RDY2 

AEN2 

CSYNC 

READY 




LOAD 
(SEE NOTED 






Vcc 






















f- 






TRIGGER 

PULSE 
GENERATOR 














LOAD 
(SEE NOTE 2) 








t- 
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NOTES FOR USING MBL 8284A 

For MBL 8284A's stable operation, the following things should be noted: 

1 . The fundamental mode crystal should be used. 

2. Stray capacitances between X1 and X2 should be limited to less than lOpF. 

3. External resistors for stable crystal oscillation should be connected as Configuration (I) or (H) shown below. Especially, 
for Configuration (I) circuit, the minimum frequency of crystal is limitted to 15MHz. A low frequency crystal (less than 
15MHz) with Configuration (I) circuit may cause an abnormal oscillation. For more stable osciallation over the specified 
frequency range (12MHz to 25MHz or 30MHz), Configuration (D) circuit is recommendable. 

4. The rise time of the power supply voltage Vqc should be more than 10ms. A steep Vcc rising (with the rise time less than 
10ms) may cause an overtone oscillation. 

5. In the power-on reset circuit shown below, the ground terminal of the external capacitor C should be grounded as near 
to the GND pin of MBL 8284A as possible. 

6. When the crystal oscillator circuit is not used (i.e., an external clock source is used), XI should be pulled up to Vcc with 
an approx. 1kf2 resistor and X2 should be left open. At this time, OSC output is clamped at high level. 



CRYSTAL OSCILLATOR CIRCUIT 

• Configuration (I) • Configuration (II) 



Xtain 

X- 



7^ 777" 777 



XI 

X2 

MBL8284A 

F/C 
CSYNC 



-OSC 
■CLK 
PCLK 









XI 

X2 

MBL8284A 

F/C 
CSYNC 




-L 

Xtal O 


^Rp 




T_ 


























^ 







-OSC 
-CLK 
-PCLK 



Rl = R2 = 51 on, Xtal = 15MHz to 25MHz (MBL 8284A) 
= 1 5MHz to 30MHz (MBL 8284A-1 ) 



Rp = 51 on, Xtal = 12MHz to 25MHz (MBL 8284A) 
= 12MHz to 30MHz (MBL 8284A-1) 



POWER-ON RESET CIRCUIT 

Vcc 



C^ 



RES' 

MBL 8284A 



GND 



1 



EXTERNAL CLOCK CONFIGURATION 



Vcc 



"U 



RESET 



External 
Clock 
Source 



Open 



^CC 



OSC 



XI 
X2 

EFI 
MBL8284A 

F/C 



-Clamped High 

-CLK 

"PCLK 



R = Ikn, EFI < 25MHz (MBL 8284A) 
<30MHz (MBL8284A-1) 
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PACKAGE ILLUSTRATION 



CERAMIC DIP 
(CERDiP) 




PACKAGE DIMENSIONS 
CERAMIC DIP (Suffix: -CZ) 



18-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE 
(CASE No. :DIP-18C-C01) 



R.025(0.64) 
REF 



.882(22.40) 



.912(23.16) 



-.056(1.42)MAX 




.090(2.29) 



.110(2.79) 



r\ 






.032(0.81) 



TYP 



.800(20.32)REF 



.042(1.07) 



.062(1.57) 



.285(7.24) 
.302(7.67) 



.305(7.75) 
.325(8.26) 



\ 



0°~15° 



.300(7.62)TYP 




.008(0.20) 
.014(0.36) 



MMTO 



.200(5.08)MAX 



.120(3.05) 
.150(3.81) 



.020(0.51) 
.050(1.27) 



.013(0.33) 
.023(0.58) 



Dimensions in 
inches (millimeters) 
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MBL8286 
MBL8287 

Bipolar Octal 
Bus Transceiver 



November 1 986 
Edition 4.0 



Description 



The MBL8286 and MBL8287 are 8-bit bipolar transceivers with 
3-state outputs. The MBL8287 inverts the input data at its 
outputs while the MBL8286 does not. Thus, a wide variety of 
applications for buffering in microcomputer systems can be met. 



Features 



I Data Bus Buffer Driver for 

MBL8086, MBL8088, 

BML8089, MCS-80^ 

MCS-85*, and MCS-48* 

Families 
I High Output Drive Capabiiity 

for Driving System Data Bus 



■ Fully Parallel 8-Bit 
ll'anscelvers 

■ 3-State Outputs 

■ 20-Pin DIP 

■ No Output Low Noise when 
Entering or Leaving High 
Impedance State 



Portions reprinted by permission of Intel Corporation ©Intel Corporation, 1983. 
Compilation and additional materials ©1985 by FUJITSU LIMITED, ToKyo, Japan. 
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. 












1 ^ 














Ceramic Paclcage 
~DIP-20C-C01 


— 
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Logic Diagrams 



E3-f 



B-i' 



I 



1 



"r-B 

— rt 



1:^ 



B- 






t1- 



^ 






•-T' I 



-h-E3 



4=^, .^^^ 



Pin Configurations 





FUJITSU 
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Pin Description 



Symboi IVpe 



(MBL8286) ..^ 

B0-B7 

(MBL8287) 



Name and Function 



lYansmit: T is an input control signal used to control the direction of 
J I the transceivers. When HIGH, it configures the transceiver's B0-B7 as 

outputs with A0-A7 as inputs. T LOW configures A0-A7 as the outputs 
and B0-B7 as the inputs. 

: Output Enable: OE is an input control signal used to enable the 

OE O appropriate output driver (as selected by T) onto its respective bus. 

This signal is active LOW. 

Local Bus Data Pins: These pins serve to either send data to or 
A0-A7 I/O accept data from the processor's local bus, depending upon the state 

of the T pin. 

B0-B7 



System Bus Data Pins: These pins serve to either send data to or 
accept data from the system bus, depending upon the state of the T 
pin. 



Functionai Description 



The MBL8286 and MBL 8287 
are 8-bit transsceivers with 
high impedance outputs. 
With T active HIGH and UE 
active LOW, data at the 



A0-A7 pins are sent to the 
B0-B7 pins. With T inactive 
low and UE active LOW, data 
at the B0-B7 pins is sent to 
the A0-A7 pins. No output 



low glitching will occur when 
the transceivers are entering 
or leaving the high 
impedance state. 



Absoiute Maximum 
Ratings 



Parameter 


Rating 


Unit 


Temperature Under Bias 


0'' to 70° 


°C 


Storage Temperature 


-65^0+150° 


°c 


Supply Voltage 


-0.5 to +7.0 


V 


All Output Voltages (3-State Output) 


+5.5 


V 


All Input Voltages 


-0.5 to +7.0 


V 


Power Dissipation 


1.0 


w 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional 
operation should be restricted to the conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



FUJITSU 
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DC Characteristics 

(Vcc = +5V ±10%, 
Ta = 0°C to 70°C) 



Symbol 


Parameter 


Min. 


Max. 


Units 


Tist Conditions 


Vc 


Input Clamp Voltage 




-1 


V 


Ic = -5mA 


Ice 


Power Supply Currentli;;!^!;!^^ 




130 
160 


mA 
mA 




If 


Forward Input Current 




-0.2 


mA 


Vp = 0.45V 


Ir 


Reverse Input Current 




50 


M 


Vr = 5.25V 


Vol 


output LOW Vo,.ageZ^8t;lPt;lI 




0.45 
0.45 


V 
V 


Iql = 32 mA 
loL = 16 mA 


VoH 


Output High VoltageI^g;i;P;;|| 


2.4 
2.4 




V 
V 


loH = -5 mA 
'oh = -1 "iA 


'off 
'off 


Output Off Current 
Output Off Current 




'f 
'r 




VoFF = 0.45V 
VoFF = 5.25V 


V|L 


Input Low Voltagel^ f^l 




0.8 
0.9 


V 
V 


Vcc = 5.0V, See Note 1 
Vcc = 5.0V, See Note 1 


V,H 


Input High Voltage 


2.0 




V 


Vcc = 5.0V, See Note 1 


C|N 


Input Capacitance 




12 


PF 


F = 1 MHz 

Vbias = 2.5V, Vcc = 5V 

Ta = 25°C 



Note: 1. B Outputs— Iql = 32 mA, Iqh = -5 mA, Cl = 300 pF; 
A Outputs— loL = 16 mA, Iqh = -1 mA, Cl = 100 pR 



AC Characteristics 

(Vcc = +5V ±10%, 

Ta = 0°C to 70°C) 

Loading: 

1. B Outputs— Iql = 32 mA, 

Iqh = -5 mA, Cl = 300 pF; 

A Outputs— Iql = 16 mA, 

Iqh = -1 mA, Cl = 100 pF 



Symbol Parameter 



IMin. IMax. Units Test Conditions 



Input to Output Delay 
TIVOV Inverting — MBL8287 5 22 ns 

Non-Inverting — MBL8286 5 30 ns 



TEHTV 


Transmit/Receive Hold Time 


5 




ns 


TTVEL 


Transmit/Receive Setup 


10 




ns 


TEHOZ 


Output Disable Time 


5 


18 


ns 



(See Note 1) 



TELOV Output Enable Time 



10 



30 



TILIH, 
TOLOH 



Input/Output Rise Time 



20 ns From 0.8V to 2.0V 



TIHIL, 
TOHOL 



Input/Output FallTime 



12 ns From 2.0V to 8.0V 



Note: 1. See the following waveforms and test load circuits. 



Waveforms 



X 



f 



-« ^TIV 

3c 



■\ 



>VOH-0.1V ^ 
VOL+0.1V IV 

-• TEHTV »N » 



Note: All timing measurements are made at 1.5V unless otherwise noted. 
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Test Load Circuits 



1.5V 

I. 



3-STATE TO Vql 
B OUTPUT 



3-STATE TO Vql 
A OUTPUT 



2.14V 
S 52.70 



SWITCHING 
B OUTPUT 



1.5V 

I- 



3-STATE TO Vqh 
B OUTPUT 



1.5V 

I- 



3-STATE TO Vqh 
A OUTPUT 



!.28V 

I" 



SWITCHING 
A OUTPUT 



Output Delay Versus 
Capacitance 



,«si?^^^ 



>no^ 



^yp\CM^ 



200 400 600 800 1000 

LOAD pF 




400 600 

LOAD pF 



800 1000 
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Package Dimensions 

Dimensions in inches 
(millimeters) 



20-Lead Ceramic (CERDIP) 
Dual in-Line Paclcage 
DiP-20C-C01 



X 



' — I I — ' ' — ' r-1 



R.025(0.64) 
REF 



I [ I II I L-J 



.272(6.91) 
.291(7.39) 



.305(7.75) 
.325(8.26) 





- — .050(1. 27)MAX 






















t 1 






/~\/~l 


J-\ 


f\}\r\r\r\r\ 


•= 


















L 


~r" 






.090(2.24) 


1 


1 


.032(0.81 


_) 


.020(0.51) 


.110(2.79) 








" TYP 


.050(1.27) 






.042(1.06) 


.900(22.86) REF 


.013(0.3 


3) 
B) 




.062 


(1.58) 


.023(0.5 




.120(3.05) 
.150(3.81) 
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BUS CONTROLLER 
FOR MBL 8086/ MBL 8088 
/ MBL 8089 PROCESSORS 




January 1985 
Edition 3.0 



BUS CONTROLLER 
FOR MBL 8086/MBL 8088/MBL 8089 PROCESSORS 

The Fujitsu MBL 8288 Bus Controller is a 20-pin bipolar component for use with medium-to-large MBL 8086/MBL 
8088 processing systems. The bus controller provides command and control timing generation as well as bipolar bus 
drive capability while optimizing system performance. 

A strapping option on the bus controller configures it for use with a multi-master system bus and separate I/O bus. 



• Bipolar Drive Capability 

• Provides Advanced Commands 

• Provides Wide Flexibility in System 
Configurations 

• 3-State Command Output Drivers 



• Configurable for Use with an I/O Bus 

• Facilitates Interface to One or Two 
Multi-Master Busses 

• 10 MHz Clock Rate 

• Standard 20-pin Cerdip (Suffix-CZ) 



MBL 8086/ Tso 
MBL8088/ l_ 
MBL 8089 ]_ 
STATUS |S2 



CLK 

CONTROL I AEN 

INPUTS CEN- 

lOB 



Fig. 1 - BLOCK DIAGRAM 




Fig. 2 -PIN ASSIGNMENT 



ADDRESS LATCH, DATA 
TRANSCEIVER. AND 
INTERRUPT CONTROL 
SIGNALS 




"N 



*Trade Mark of Intel Corporation, USA. 

Reprinted by premission of Intel Corporation 



© Intel Corporation, 1983 
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TABLE 1 - PIN DESCRIPTION 



Symbol 


Type 


Name and Function 


Vcc 




Power: +5V supply 


GND 




Ground 


S0,ST,S2 


1 


Status Input Pins: These pins are the status input pins from the MBL 8086, MBL 8088 or 
MBL 8089 processors. The MBL 8288 decodes these inputs to generate command and con- 
trol signals at the appropriate time. When these pins are not in use (passive) they are all 
HIGH. (See chart under Command and Control Logic.) 


CLK 


1 


Clock: This is a clock signal from the MBL 8284 clock generator and serves to establish when 
command and control signals are generated. 


ALE 





Address Latch Enable: This signal serves to strobe and address into the address latches. This 
signal is active HIGH and latching occurs on the falling (HIGH to LOW) transition. ALE is 
intended for use with transparent D type latches. 


DEN 





Data Enable: This signal serves to enable data transceivers onto either the local or system data 
bus. This signal is active HIGH. 


DT/R 





Data Transmit/Receive: This signal establishes the direction of data flow through the trans- 
ceivers. A HIGH on this line indicates Transmit (Write to I/O or memory) and a LOW indicates 
Receive (Read). 


AEN 


1 


Address Enable: AEN enables command outputs of the MBL 8288 Bus Controller at least 85 
ns after it becomes active (LOW). AEN going inactive immediately 3-states the command 
output drivers. AEN does not affect the I/O command lines if the MBL 8288 is in the I/O 
Bus mode (lOB tied HIGH). 


CEN 


1 


Command Enable: When this signal is LOW all MBL 8288 command outputs and the DEN and 
PDEN control outputs are forced to their inactive state. When this signal is HIGH, these same 
outputs are enabled. 


lOB 


1 


Input/Output Bus Mode: When the lOB is strapped HIGH the MBL 8288 functions in the 
I/O Bus mode. When it is strapped LOW, the MBL 8288 functions in the System Bus mode. 
(See sections on I/O Bus and System Bus modes). 


AlOWC 





Advanced I/O Write Command: The AlOWC issues an I/O Write Command earlier in the 
machine cycle to give I/O devices an early indication of a write instruction. Its timing is the 
same as a read command signal. AlOWC is active LOW. 


lOWC 





I/O Write Command: This command line instructs an I/O device to read the data on the 
data bus. This signal is active LOW. 


lORC 





I/O Read Command: This command line instructs an I/O device to drive its data onto the 
data bus. This signal is active LOW. 


AMWC 





Advanced Memory Write Command: The AMWC issues a memory write command earlier 
in the machine cycle to give memory devices an early indication of a write instruction, its 
timing is the same as a read command signal, AMWC is active LOW. 


MWTC 





Memory Write Command: This command line instructs the memory to record the data 
present on the data bus. This signal is active LOW. 


MRDC 





Memory Read Command: This command line instructs the memory to drive its data onto 
the data bus. This signal is active LOW. 


INTA 





Interrupt Acknowledge: This command line tells an interrupting device that its interrupt 
has been acknowledged and that it should drive vectoring information onto the data bus. 
This signal is active LOW. 


MCE/PDEN 





This is a dual function pin. 

MCE (lOB is tied LOW): Master Cascade Enable occurs during an interrupt sequence and 

serves to read a Cascade Address from a master PIC (Priority Interrupt Controller) onto the 

data bus. The MCE signal is active HIGH. 

PDEN (lOB is tied HIGH): Peripheral Data Enable enables the data bus transceiver for the 


I/O bus that DEN performs for the system bus. PDEN is active LOW. 
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FUNCTIONAL DESCRIPTION 



COMMAND AND CONTROL LOGIC 

The command logic decodes the three^ MBL 8086, MBL 
8088 or MBL 8089 CPU status lines (SO, SI, S2) to deter- 
mine what command is to be issued. 
This chart shows the meaning of each status "word". 



The command outputs are: 
MRDC 



S0S1S5 


Processor State 


MBL 8288 
Command 





Interrupt Acknowledge 




INTA 


1 


Read I/O Port 


lORC 


1 


Write I/O Port 


lOWC, AlOWC 
None 


1 1 


Halt 


1 


Code Access 


MRDC 


10 1 


Read Memory 


MRDC 


1 1 


Write Memory 


MWTC, AMWC 
None 


1 1 1 


Passive 



The command is issued in one of two ways dependent 
on the mode of the MBL 8288 Bus Controller. 
I/O Bus Mode - The MBL 8288 is in the I/O Bus mode if 
the lOB pin is strapp ed HIGH. In t he I/O Bus mod e all 
I/O command lines (lORC, lOWC, Al OWC, INTA) are 
always enabled {i.e., not dependent on AEN). When an 
I/O command is initiated by the processor, the MBL 8288 
imm^^diately activates the command lines using PDEN and 
DT/R to control the I/O bus transceiver. The I/O com- 
mand lines should not be used to control the system bus 
in this configuration because no arbitration is present. 
This mode allows one MBL 8288 Bus Controller to handle 
two external busses. No waiting is involved when the CPU 
wants to gain access to the I/O bus. Nor mal memory ac- 
cess requires a "Bus Ready" signal (AEN LOW) before it 
will proceed. It is advantageous to use the lOB mode if 
I/O or peripherals dedicated to one processor exist in a 
multi-processor system. 

System Bus Mode - The MBL 8288 is in the System Bus 
mode if the lOB pin is strapped LOW. In this mode no 
command is issued until 85 ns after the AEN Line is 
activated (LOW). This mode assumes bus a rbitration logic 
will inform the bus controller (on the AEN line) when the 
bus is free for use. Both memory and I/O commands wait 
for bus arbitration. This mode is used when only one bus 
exists. Here, both I/O and memory are shared by more 
than one processor. ^ 

COMMAND OUTPUTS 

The advanced write commands are made available to in- 
itiate write procedures early in the machine cycle. This 
signal can be used to prevent the processor from enter- 
ing an unnecessary wait state. ^ 



Memory Read Command 

Memory Write Command 

lORC - I/O Read Command 
I owe - I/O Write Command 
AMWC — Advanced Memory Write Command 

Advanced I/O Write Command 

Interrupt Acknowledge 



MWTC 



AlOWC 
INTA 



INTA (Interrupt Acknowledge) acts as an I/O read during 
an interrupt cycle. Its purpose is to inform an inter- 
rupting device that its interrupt is being acknowledged 
and that it should place vectoring information onto the 
data bus. 

CONTROL OUTPUTS 

The control outputs of the MBL 8288 are Data Enable 
(DEN), Data Transmit/Receive (DT/R") and Master Cas- 
cade Enable/Peripheral Data Enable (MCE/PDEN). The 
DEN signal determines when the external bus should be 
enabled onto the local bus and the DT/W determines the 
direction of data transfer. These two signals usually go 
to the chip select and direction pins of a transceiver. 



The MCE/PDEN pin changes function with the two 
modes of the MBL 8288. Whe n the M BL 8288 is in the 
lOB mode (lOB HIGH) the PDEN signal serves as a 
dedicated data enable signal for the I/O or Peripheral 
System bus. 

INTERRUPT ACKNOWLEDGE AND MCE 

The MCE signal is used during an interrupt acknowl- 
edge cycle if the MBL 8288 is in the System Bus mode 
(lOB LOW). During any interrupt sequence there are two 
interrupt acknowledge cycles that occur back to back. 
During the first interrupt cycle no data or address trans- 
fers take place. Logic should be provided to mask off 
MCE during this cycle. Just before the second cycle begins 
the MCE signal gates a master Priority Interrupt Con- 
troller's (PIC) cascade address onto the processor's local 
bus where ALE (Address Latch Enable) strobes it Into the 
address latches. On the leading edge of the second inter- 
rupt cycle the addressed slave PIC gates an interrupt 
vector onto the system data bus where it is read by the 
processor. 

If the system contains only one PIC, the MCE signal Is 
not used. In this case the second Interrupt Acknowledge 
signal gates the interrupt vector onto the processor bus. 

ADDRESS LATCH ENABLE AND HALT 

Address Latch Enable (ALE) occurs during each machine 
cycle and serves to strobe the current address into the 
address latches. ALE also serves to strobe the status (SO, 
SI, S2) into a latch for halt state decoding. 
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COMMAND ENABLE 

The Command Enable (CEN) input acts as a command 
qualifier for the MBL 8288. If the CEN pin is high the 
MBL 8288 functions normally. If the CEN pin is pulled 



LOW, all command lines are held in their inactive state 
(not 3=state). This feature can be used to implement 
memory partitioning and to eliminate address conflicts 
between system bus devices and resident bus devices. 



ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to 70°C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages -0.5V to +7.0V 

All Input Voltages -0.5V to +5.5V 

Power Dissipation 1.5 W 



* NOTE: Permanent device damage may occur if ABSO- 
LUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the 
conditions as detailed in the operational sections 
of this data sheet. Exposure to absolute maxi- 
mum rating conditions for extended periods may 
affect device reliability. 



D.C. CHARACTERISTICS {Vcc=5V±10%, TA=0°Cto 70°C) 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


Vc 


Input Clamp Voltage 




-1 


V 


Ic = -5 mA 


•cc 


Power Supply Current 




230 


mA 




If 


Forward Input Current 




-0.7 


mA 


Vp = 0.45V 


Ir 


Reverse Input Current 




50 


mA 


Vr = Vcc 


Vol 


Output Low Voltage: 
Command Outputs 
Control Outputs 




0.5 
0.5 


V 
V 


•oL =32 mA 
loL = 16 mA 


VOH 


Output High Voltage: 
Command Outputs 
Control Outputs 


2.4 
2.4 




V 
V 


loH = -5 mA 
Iqh = -1 mA 


V,L 


Input Low Voltage 




0.8 


V 




V,H 


Input High Voltage 


2.0 




V 




'off 


Output Off Current 




100 


MA 


VoFF =0.4 to 5.25V 



A.C. CHARACTERISTICS (Vcc=5V±10%, Ta=0°C to 70°C) 
TIMING REQUIREMENTS 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


TCLCL 


CLK Cycle Period 


100 




ns 




TCLCH 


CLK Low Time 


50 




ns 




TCHCL 


CLK High Time 


30 




ns 




TSVCH 


Status Active Setup Time 


35 




ns 




TCHSV 


Status Active Hold Time 


10 




ns 




TSHCL 


Status Inactive Setup Time 


35 




ns 




TCLSH 


Status Inactive Hold Time 


10 




ns 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Conditions 


TCVNV 


Control Active Delay 


5 


45 


ns 




TCVNX 


Control Inactive Delay 


10 


45 


ns 


TCLLH, 
TCLMCH 


ALE MCE Active Delay (from CLK) 




20 


ns 




Iql = 32 mA 

> Iqh = -5 mA 

Cl = 300 pF 

Iql = 16 mA 
< Iqh =-1 mA 
Cl = 80 pF 


TSVLH, 
TSVMCH 


ALE MCE Active Delay (from Status) 




20 


ns 


MRDC 


lORC 


TCHLL 


ALE Inactive Delay 


4 


15 


ns 


MWTC 


TCLML 


Command Active Delay 


10 


35 


ns 


lOWC 


TCLMH 


Command Inactive Delay 


10 


35 


ns 


INT A 


TCHDTL 


Direction Control Active Delay 




50 


ns 


AMWC 


TCHDTH 


Direction Control Inactive Delay 




30 


ns 


AlOWC J 
Other - 


TAELCH 


Command Enable Time 




40 


ns 


TAEHCZ 


Command Disable Time 




40 


ns 


TAELCV 


Enable Delay Time 


85 


200 


ns 


TAEVNV 


AEN to DEN 




20 


ns 




TCEVNV 


CENto DEN, PDEN 




25 


ns 


TCELRH 


CEN to Command 




TCLML 


ns 


TOLOH 


Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



A.C. TESTING INPUT/OUTPUT WAVEFORM 



— V V — 

^1.5— TEST POINTS— 1.5 ■*• 

A.C. TESTING: Inputs are driven at 2.4V for a logic "1 " and 0.45V 
for a logic "0". The clock is driven at 4.3V and 0.25V. Timing 
measurements are made at 1.5V for both a logic "1" and "0". Input 
rise and fall times are 5±2ns, (measured between 0.8V and 2.0V.) 
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TEST LOAD CIRCUITS - 3-STATE COMMAND OUTPUT TEST LOAD 



=p300pF 

W 
3-STATE TO HIGH 



J 



=f:300 pF 

W 
3-STATE TO LOW 



=p300pF 



W 



COMMAND OUTPUT 
TEST LOAD 



^114n 



OUTO O 

isopF 

w 

CONTROL OUTPUT 
TEST LOAD 
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WAVEFORMS 



ADDRESS/DATA 



MRDC, lORC.INTA, 
AMWC , AlOWC 




DEN (write; 



PDEN (WRITE) 



DT/R (READ) 
(INTA) 



TCLMCH— ~| 1^- 



NOTES: 

1. ADDRESS/DATA Bus is shown only for reference purposes. 

2. Leading edge of ALE and MCE is determined by the falling 
edge of CLK or status going active, whichever occurs last. 

3. All timing measurements are made at 1 .5V unless specified otherwise. 
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WAVEFORMS (Continued) 



AEN 



DEN 



PDEN 



DEN, PDEN QUALIFICATION TIMING 



I 



X 



-TAEVNV-^ 



ycj( 



X 



AEN 



OUTPUT 

command" 



ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 



TAELCH 



-TAELCV- 



^^^ 




/ 



TAEHCZ 



r~^ 



0,5V 

^ . Vqh 



\ 



NOTE: GEN must be low or valid prior to T2 to prevent the command from being generated. 
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PACKAGE ILLUSTRATION 



CERAMIC PACKAGE 
(CERDIP) 




PACKAGE DIMENSIONS 

(Suffix: -CZ) 



20-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-20C-C01) 



R.025<0.64) 
REF 



_C=L_C1_ 



"tzr 



.940(23.88) 



.272(6.91) 
.291(7.39) 



.305(7.75) 
.325(8.26) 



1.000(25.4) 



.300(7.62)TYP 





- — .050(1. 27)MA> 


( 




















[i ■ 


: 


A 


/~l 


}A}\r\r\ 


r\ 
















L 






.090(2.29) 




^ ► 


.032(0.81 


) 


.020 


0.51) 


.110(2.79) 






TYP 


.050(1.27) 






.042(1.06) 
.062(1.58) 


.90( 


)(22.86 


)REF 






.01 J 

.02: 


S(0.3 
J(0.5 


3) 
3) 




.200(5.08)MAX 



.120(3.05) 
.150(3.81) 



Dimensions in 
inches (millimeters) 
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BIPOLAR BUS ARBITER FOR MBL 8086/8088/80186/80188/8089 



April 1986 
Edition 4.0 



The Fujitsu MBL 8289 Bus Arbiter is a 20-pin, 5-volt-only bipolar component for use with medium to large MBL 8086/8088/ 
80186/80188 muiti-master/multiprocessing systems. The MBL 8289 provides system bus arbitration for systems with multiple 
bus masters, such as an MBL 8086/8088/80186/80188 CPU with MBL 8089 lOP in its REMOTE mode, while providing 
bipolar buffering and drive capability. 



Provides Multi-Master System Bus Protocol 
Synchronizes MBL 8086/8088/80186/80188/ 
8089 Processors with Multi-Master Bus: 
-5MHz, 8MHz (MBL 8086/8088/8089), and 
6MHz (MBL 80186/80188) with MBL 8289 
-10MHz (MBL 8086/8088) and 8MHz 
(MBL 80186/80188) with MBL 8289-1 
Provides Simple Interface with MBL 8288 Bus 
Controllers 



Four Operating Modes for Flexible System Con- 
figuration 

Compatible with Intel Bus Standard MULTI- 
BUS* 

Provides System Bus Arbitration for MBL 8089 
I OP in Remote Mode 
Two Package Options: 

- 20-Pin Cerdip (Suffix: -CZ) 

- 20-Pin Plastic DIP (Suffix: -P) 



Fig. 1 - BLOCK DIAGRAM 



PROCESSOR y 
CONTROL ^ 




^ — V 

ARBITRATION V^ ^/ 



H 



STATE 
GENERATOR 



H 



CONTROL 



MULTIBUS 
INTERFACE 



LOCAL 

BUS 

INTERFACE 



-INIT 

-BCLK 

-BREQ 

-BPRN 

-BPRO 

-BUSY 

-CBRQ 



MULTIBUS* 
> COMMAND 
SIGNALS 



-SYSB/RESB 



SYSTEM 
SIGNALS 



Fig. 2 -PIN CONFIGURATION 



GND 
Fig. 3 - 



FUNCTIONAL PINOUT 



S2C 

ioBn;; 

sysb/resb [^ 

resbC 

bclkC 

n\iTT[;; 

breqC 7 

BPROQ 8 

BPRN[;;; 9 

GNDd 10 



20DVcc 
19I]ST 

isIJso 

17l]CLK 



5 MBL lepLOCK 

^ 8289 

6 



D CRQLCK 

h anyrqst 
I3aen 

UCBRQ 

HbUsy 





GND Vcc 


r_^ 


SO 


PROCESSOR J _^ 
STATUS 1 ^ 


ST 
S2 




' ^ 


MBL 8289 
LOCK 






CLK 


CONTROL/ 




CRQLCK 

RESB 

ANYRQST 


STRAPPING <^ 
OPTIONS 


— 








^ 


lOB 



MULTIBUS 
INTERFACE 



-INIT 

-BCLK 

-BREQ 

-BPRN 

-BPRO 

"BUSY 

-CBRQ 



-SYSB/RESB I SYSTEM 



"AEN 



SIGNALS 



*Trade Mark of Intel Corporation 

Portion Reprinted by permission of Intel Corporation 

© Intel Corporation, 1983 
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PIN DESCRIPTION 

TABLE 1 - PIN DESCRIPTION 



Symbol 


Type 


Name and Function 


Vcc 




Power: +5V supply ±10%. 


GND 




Ground. 


S0,S1,S2 


1 


Status Input Pins: The status input pins from 
an MBL 8086, MBL 8088, MBL 80186, 
MBL 80188 or MBL 8089 processor. The 
MBL 8289 decodes these pins to initiate bus 
request and surrender actions. (See Table 2.) 


CLK 


1 


Clock: From the MBL 8284A clock chip and 
serves to establish when bus arbiter actions are 
initiated. 


LOCK 


1 


Lock: A processor generated signal which 
when activated (low) prevents the arbiter from 
surrendering the multi-master system bus to 
any other bus arbiter, regardless of its priority. 


CRQLCK 


1 


Common Request Lock: An active low signal 
which prevents the arbiter from surrendering 
the multi-master system bus to any other bus 
arbiter requesting the bus through the CBRQ 
input pin. 


RESB 


1 


Resident Bus: A strapping option to con- 
figure the arbiter to operate in systems having 
both a multi-master system bus and a Resident 
Bus. Strapped high, the multi-master system 
bus is requested or surrendered as a function 
of the SYSB/RESB input pin. Strapped low, 
the SYSB/RESB input is ignored. 


ANYRQST 


1 


Any Request: A strapping option which per- 
mits the multi-master system bus to be sur- 
rendered to a lower priority arbiter as if it were 
an arbiter of higher priority (i.e., when a lower 
priority arbiter requests the use of the multi- 
master system bus, the bus is surrendered as 
soon as it is possible). When ANYRQST is 
strapped low, the bus is surrendered according 
to Table 2. If ANYRQST is strapped high and 
CBRQ is activated, the bus is surrendered at the 
end of the present bus cycle. Strapping CBRQ 
low and ANYRQST high forces the MBL 8289 
arbiter to surrender the multi-master system 
bus after each transfer cycle. Note that when 
surrender occurs BREQ is driven false (high). 


lOB 


1 


lO Bus: A strapping option which configures 
the MBL 8289 Arbiter to operate in systems 
having both an 10 Bus (Peripheral Bus) and a 
multi-master system bus. The arbiter requests 
and surrenders the use of the multi-master 
system bus as a function of the status line, S2. 
The multi-master system bus is permitted to be 
surrendered while the processor is performing 
10 commands and is requested whenever the 
processor performs a memory command. Inter- 
rupt cycles are assumed as coming from the 
peripheral bus and are treated as an 10 com- 
mand. 



Symbol 


Type 


Name and Function 


AEN 





Address Enable: The output of the MBL 8289 

Arbiter to the processor's address latches to 
the MBL 8288 Bus Controller and 8284A 
Clock Generator. AEN serves to instruct the 
Bus Controller and address latches when to 
tri-state their output drivers. 


SYSB/ 
RESB 


1 


System Bus/Resident Bus: An input signal 
when the arbiter is configured in the S.R. 
Mode (RESB is strapped high) which deter- 
mines when the multi-master system bus is 
requested and multi-master system bus sur- 
rendering is permitted. The signal is intended to 
originate from a form of address-mapping cir- 
cuitry, as a decoder or PROM attached to the 
resident address bus. Signal transitions and 
glitches are permitted on this pin from 01 of 
T4 to 01 of T2 of the processor cycle. During 
the period from 01 of T2 to 01 of T4, only 
clean transitions are permitted on this pin (no 
glitches). If a glitch occurs, the arbiter may 
capture or miss it, and the multi-master system 
bus may be requested or surrendered, depend- 
ing upon the state of the glitch. The arbiter 
requests the multi-master system bus in the 
S.R. Mode when the state of the SYSB/RESB 
pin is high and permits the bus to be sur- 
rendered when this pin is low. 


CBRQ 


I/O 


Common Bus Request: An input signal which 
instructs the arbiter if there are any other 
arbiters of lower priority requesting the use of 
the multi-master system bus. 


The CBRQ pins (open-collector output) of all 
the MBL 8289 Bus Arbiters which surrender to 
the multi-master system bus upon request are 
connected together. 

The Bus Arbiter running the current transfer 
cycle will not itself pull the CBRQ line low. 
Any other arbiter connected to the CBRQ line 
can request the multi-master system bus. The 
arbiter presently running the current transfer 
cycle drops its BREQ signal and surrenders the 
bus whenever the proper surredner conditions 
exist. Strapping CBRQ low and ANYRQST 
high allows the multi-master system bus to be 
surrendered after each transfer cycle. See the 
pin definition of ANYRQST. 


INIT 


1 


initialize: An active low multi-master system 
bus input signal used to reset all the bus arbiters 
on the multi-master system bus. After initializa- 
tion, no arbiters have the use of the multi- 
master system bus. 


BCLK 


1 


Bus Clock: The multi-master system bus clock 
to which all multi-master system bus interface 
signals are synchronized. 
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TABLE 1 - PIN DESCRIPTION (Continued) 



Symbol 


Type 


Name and Function 


BREQ 





Bus Request: An active low output signal in 
the parallel Priority Resolving Scheme which 
the arbiter activates to request the use of the 
multi-master system bus. 


BPRN 


1 


Bus Priority In: The active low signal returned 
to the arbiter to instruct if that it may acquire 
the multi-master system bus on the next falling 
edge of BCLK. BPRN indicates to the arbiter 
that it is the highest priority requesting arbiter 
presently on the bus. The loss of BPRN 
instructs the arbiter that it has lost priority to 
a higher priority arbiter. 


BPRO 





Bus Priority Out: An active low output signal 
used in the serial priority resolving scheme 
where BPRO is daisy-chained to BPRN of the 
next lower priority arbiter. 



Symbol 


Type 


Name and Function 


BUSY 


I/O 

• 


Busy: An active low open collector multi- 
master system bus interface signal used to 
instruct all the arbiters on the bus when the 
multi-master system bus is available. When the 
multi-master system bus is available the highest 
requesting arbiter (determined by BPRN) 
seizes the bus and pulls BUSY low to keep 
other arbiters off of the bus. When the arbiter is 
done with the bus, it releases the BUSY signal, 
permitting it to go high and thereby allowing 
another arbiter to acquire the multi-master 
system bus. 



FUNCTIONAL DESCRIPTION 

The MBL 8289 Bus Arbiter operates in conjunction with 
the MBL 8288 Bus Controller to interface MBL 8086/ 
8088/80186/188 processors to a multi-master system bus 
(both the MBL 8086 and MBL 8088 are configured In 
their max mode). The processor is unaware of the arbiter's 
existence and issues commands as though it has exclusive 
use of the system bus. If the processor does not have the 
use of the multi-master system bus, the arbiter prevents 
the Bus Controller (MBL 8288), the data transceivers and 
the address latches from accessing the system bus (e.g. all 
bus driver outputs are forced into the high impedance 
state). Since the command sequence was not issued by the 
MBL 8288, the system bus will appear as "Not Ready" 
and the processor will enter wait states. The processor will 
remain in Wait until the Bus Arbiter acquires the use of 
the multi-master system bus whereupon the arbiter will 
allow the bus controller, the data transceivers, and the 
address latches to access the system. Typically, once the 
command has been issued and a data transfer has taken 
place, a transfer acknowledge (XACK) is returned to the 
processor to indicate "READY" from the accessed slave 
device. The processor then completes its transfer cycle. 
Thus the arbiter serves to multiplex a processor (or bus 
master) onto a multi-master system bus and avoid con- 
tention problems between bus masters. 

ARBITRATION BETWEEN BUS MASTERS 

In general, higher priority masters obtain the bus when a 
lower priority master completes its present transfer cycle. 
Lower priority bus masters- obtain the bus when a higher 
priority master is not accessing the system bus. A strap- 
ping option (ANYRQST) is provided to allow the arbiter 



to surrender the bus to a lower priority master as though it 
were a master of higher priority. If there are no other bus 
masters requesting the bus, the arbiter maintains the bus so 
long as its processor has not entered the HALT State. The 
arbiter will not voluntarily surrender the system bus and 
has to be forced off by another master's bus request, the 
HALT State being the only exception. Additional strapping 
options permit other modes of operation wherein the 
multi-master system bus is surrendered or requested under 
different sets of conditions. 

PRIORITY RESOLVING TECHNIQUES 

Since there can be many bus masters on a multi-master 
system bus, some means of resolving priority between bus 
masters simultaneously requesting the bus must be pro- 
vided. The MBL 8289 Bus Arbiter provides several resolving 
techniques. All the techniques are based on a priority 
concept that at a given time one bus master will have 
priority above all the rest. There are provisions for using 
parallel priority resolving techniques, serial priority resolv- 
ing techniques, and rotating priority techniques. 

PARALLEL PRIORITY RESOLVING 

The parallel priority resolving technique uses a separate bus 
request line (BREQ) for each ar biter o n the multi-master 
system bus, see Figure 4. Each BREQ line enters into a 
priority encoder which generates the binary address of the 
highest priority BREQ line which is active. The binary 
address is decoded by a decoder to select the correspond- 
ing BPRN (Bus Priority In) line to be returned to the 
highest priority requesting arbiter. The arbiter receiving 
priority (BPRN true) then allows its associated bus master 
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onto the multi-master system bus as soon as it becomes 
available (i.e., the bus is no longer busy). When one bus 
arbiter gains priority over another arbiter it cannot imme- 
diately seize the bus, it must wait until the present bus 
t^:^nsaction is complete. Upon completing its transaction 
the present bus occupant recognizes that it no longer has 
priority and surrenders the bus by releasing BUSY. BUSY 
is an active low "OR" tied signal line which goes to every 



bus arbiter on the system bus. When BUSY goes inactive 
(high), the arbiter which presently has bus priority (BPRN 
true) then seizes the bus and pulls BUSY low to keep other 
arbiters off of the bus. See waveform timing diagram. 
Figure 5. Note that all multi-master system bus transactions 
are synchronized to the bus clock (BCLK). This allows the 
parallel priority resolving circuitry or any other priority 
resolving scheme employed to settle. 



^9 



CBRQ 



^9- 



Fig. 4 - PARALLEL PRIORITY RESOLVING TECHNIQUE 

BREQ 
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Fig. 5 - HIGHER PRIORITY ARBITER OBTAINING THE BUS FROM A LOWER PRIORITY ARBITER 
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HIGHER PRIORITY BUS ARBITER REQUESTS THE MULTI-MASTER SYSTEM BUS. 

® ATTAINS PRIORITY. 

(^ LOWER PRIORITY BUS ARBITER RELEASES BUSY. 

@ HIGHER PRIORITY BUS ARBITER THEN ACQUIRES THE BUS AND PULLS BUSY DOWN. 
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SERIAL PRIORITY RESOLVING 

The serial priority resolving technique eliminates the need 
for the priority encoder-decoder arrangement by daisy- 
chaining the bus arbiters together, connecting the higher 
pri ority b us arbiter's BPRO (Bus Priority Out) output to 
the BPRN of the next lower priority. See Figure 6. 



Fig. 6 -SERIAL PRIORITY RESOLVING 
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THE NUMBER OF ARBITERS THAT MAY BE DAISY- 
CHAINED TOGETHER IN THE SERIAL PRIORITY 
RESOLVING SCHEME IS A FUNCTION OF BCLK AND 
THE PROPAGATION DELAY FROM ARBITER TO 
ARBITER. NORMALLY, AT 10 MHz ONLY 3 ARBITERS 
MAY BE DAISY-CHAINED. 



ROTATING PRIORITY RESOLVING 

The rotating priority resolving technique is similar to that 
of the parallel priority resolving technique except that 
priority is dynamically reassigned. The priority encoder is 
replaced by a more complex circuit which rotates priority 
between requesting arbiters thus allowing each arbiter an 
equal chance to use the multi-master system bus, over time. 

WHICH PRIORITY RESOLVING TECHNIQUE TO USE 

There are advantages and disadvantages for each of the 
techniques described above. The rotating priority resolving 
technique requires substantial external logic to implement 
while the serial technique uses no external logic but can 
accommodate only a limited number of bus arbiters before 
the daisy-chain propagation delay exceeds the multi- 
master's system bus clock (BCLK). The parallel priority 
resolving technique is in general a good compromise be- 
tween the other two techniques. It allows for many arbiters 
to be present on the bus while not requiring too much 
logic to implement. 



MBL 8289 MODES OF OPERATION 

There are two types of processors in the MBL 8086/80186 
family. An Input/Output processor (the MBL 8089 lOP) 
and the MBL 8086/8088/80186/80188 CPUs. Consequent- 
ly, there are two basic operating modes in the MBL 8289 
bus arbiter. One, the JOB (I/O Peripheral Bus) mode, 
permits the processor access to both an I/O Peripheral Bus 
and a multi-master system bus. The second, the RESB 
(Resident Bus mode), permits the processor to communi- 
cate over both a Resident Bus and a multi-master system 
bus. An I/O Peripheral Bus is a bus where all devices on that 
bus, including memory, are treated as I/O devices and are 
addressed by I/O commands. All memory commands are 
directed to another bus, the multi-master system bus. 
A Resident Bus can issue both memory and I/O commands, 
but it is a distinct and separate bus from the multi-master 
system bus. The distinction is that the Resident Bus has 
only one master, providing full availability and being 
dedicated to that one master. 

The lOB strapping option configures the MBL 8289 Bus 
Arbiter into the lOB mode and the strapping option RESB 
configures it into the RESB mode. It might be noted at 
this point that if both strapping options are strapped false, 
the arbiter interfaces the processor to a multi-master 
system bus only (see Figure 7). With both options strapped 
true, the arbiter interfaces the processor to a multi-master 
system bus, a Resident Bus, and an I/O Bus. 

In the lOB mode, the processor communicates and controls 
a host of peripherals over the Peripheral Bus. When the I/O 
Processor needs to communicate with system memory, it 
does so over the system memory bus. Figure 8 shows a 
possible I/O Processor system configuration. 

The MBL 8086/8088/80186/80188 processors can com- 
municate with a Resident Bus and a multi-master system 
bus. Two bus controllers and only one Bus Arbiter would 
be needed in such a configuration as shown in Figure 9. 
In such a system configuration the processor would have 
access to memory and peripherals of both busses. Memory 
mapping techniques are applie d to select which bus is to 
be accessed. The SYSB/RESB input on the arbiter serves 
to instruct the arbiter as to whether or not the syste m bus 
is to be accessed. The signal connected to SYSB/RESB 
also enables or disables commands from one of the bus 
controllers. 

A summary of the modes that the MBL 8289 has, along 
with its response to its status lines inputs, is summarized in 
Table 2. 



*ln some system configurations it is possible for a non-l/O Processor 
to have access to more than one Multi-Master System Bus, see Intel's 
8289 Application Note. 
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TABLE 2 



SUMMARY OF MBL 8289 MODES, 
SYSTEM BUS 



REQUESTING AND RELINQUISHING THE MULTI-MASTER 



Command 


Status Lines From 

MBL 

8086/8088/8089/ 

80186/80188 


lOB Mode 
Only 


RESB (Mode) Only 
fOB = High RESB = High 


lOB Mode RESB Mode 
IOB=Low RESB = High 


Single 
Bus Mode 

IOB = High 
RESB = Low 


I/O 
COMMANDS 


S2 ST SO 


1 
1 


lOB = Low 

X 
X 
X 


SYSB/RESB SYSB/RESB 
= High = Low 

X 
X 
X 


SYSB/RESB SYSB/RESB 
= High = Low 

X X 
X X 
X X 




HALT 


1 1 


X 


X X 


X X 


X 


MEM 
COMMANDS 


1 
1 1 
1 1 




X 
X 
X 


X 
X 
X 




IDLE 


1 1 1 


X 


X X 


X X 


X 



NOTES: 

1 . X = Multi-Master System Bus is allowed to be Surrendered. 

2. = Multi-Master System Bus is Requested. 



NOTES: 



Mode 


Pin 
Strapping 


Multi-Master System Bus 


Requested** 


Surrendered* 


Single Bus 
Multi-Master Mode 


IOB = High 
RESB= Low 


Whenever the processor's 
status lines go active 


HLT + TI • CBRQ + 
HPBRQ^ 


RESB Mode Only 


IOB = High 
RESB = High 




(SYSB/RESB = Low-f-TI) • 
CBRQ-i-HLT-i-HPBRQ 


SYSB/RESB = High • 
ACTIVE STATUS 


lOB Mode Only 


IOB= Low 
RESB = Low 


Memory Commands 


(I/O Status -hTI) • CBRQ-t- 
HLT-HHPBRQ 


lOB Mode • RESB Mode 


IOB= Low 
RESB = High 


(Memory Command) • 


((I/O Status Commands) + 
(SYSB/RESB = Low))- 
CBRO-»-HPBRQ^ -^ HLT 


(SYSB/RESB = High) 



* LOCK prevents surrender of Bus to any other arbiter, CRQLCK prevents surrender of Bus to any lower priority arbiter. 

** Except for HALT and Passive or IDLE Status. 

t HPBRQ, Higher priority Bus request or BPRN = 1. 

1. lOB Active Low. 

2. RESB Active High. 

3. -I- is read as "OR" and • as_^Np.'_^ 

4. Tl = Processor Idle Status S2,_S1^^1 1 1 

5. H LT = Processor Halt Status S2, SI , SO = 01 1 
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Fig.7 - TYPICAL MEDIUM COMPLEXITY CPU SYSTEM 



HOh 



RDy2 
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^L 



OE STB 
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AEN 

MBL 8288 
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CONTROLLER 

CLK 

ALE lOB 

DEN DT/R 



^ 
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\ SYSTEM BUS 



MULTI-MASTER 
) SYSTEM 
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MULTI-MASTER 
> SYSTEM 
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> MULTI-MASTER 
SYSTEM 
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Fig.8 - TYPICAL MEDIUM COMPLEXITY lOB SYSTEM 
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SYSTEM 
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MULTI-MASTER 
SYSTEM 
DATA BUS 
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Fig. 9 - MBL 8289 BUS ARBITER SHOWN IN SYSTEM-RESIDENT BUS CONFIGURATION 
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^ 



OE 
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-A MBL 8286/ 
-y MBL 8287 



MBL 8289 
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CLK lOB 
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SYSB/ 
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/• Kiv 

y, /B 
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MBL 8288 
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OE 

ADDR 
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MBL 8282/ 

MBL 8283 

(2 OR 3) 



1 



TRANSCEIVER 

-N MBL 8286/ 
-y MBL 8287 



A \n 

\ /D 



^ BY ADDING ANOTHER MBL 8289 ARBITER AND CONNECTING ITS AEN TO THE MBL 8288 
WHOSE AEN IS PRESENTLY GROUNDED, THE PROCESSOR COULD HAVE ACCESS TO TWO 
MULTI-MASTER BUSES. 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias 0°C to 70 C 

Storage Temperature -65°C to +150°C 

All Output and Supply Voltages -0.5V to +7.0V 

All Input Voltages -0.5V to +5.5V 

Power Dissipation LOW 



*NOTE: Permanent device damage may occur if ABSO- 
LUTE MAXIMUM RATINGS are exceeded. 
Functional operation should.be restricted to the 
conditions as detailed in the operational sections 
of this data sheet. Exposure to absolute maxi- 
mum rating conditions for extended periods may 
affect device reliability. 



D.C. CHARACTERISTICS (Vcc = +5V ±10%, T 


A = 0°C to 70°C) 






Symbol 


Parameter 


Min. 


Max. 


Units 


Test Condition 


Vc 


Input Clamp Voltage 




-1.0 


V 


Vcc = 4.50V, Ic = -5mA 


If 


Input Forward Current 




-0.5 


mA 


Vcc = 5.50V, Vp = 0.45V 


«R 


Reverse Input Leakage Current 




60 


ma 


Vcc = 5.50V, Vr = 5.50V 


Vol 


Output 

Low 

Voltage 


BUSY, CBRQ 




0.45 


V 


loL = 20mA 


AEN 




0.45 


V 


Iql = 16mA 


BPRO, BREQ 




0.45 


V 


Iql = 10mA 


VOH 


Output 

High 

Voltage 


BUSY, CBRQ 


Open Collector 






2.4 




V 


loH = 400iuA 


AEN, BPRO, BREQ 


Ice 


Power Supply Current 




95 


mA 




V,L 


Input Low Voltage 




0.8 


V 




V,H 


Input High Voltage 


2.0 




V 




Cin Status 


Input Capacitance 




25 


PF 




Cin (Others) 


Input Capacitance 




12 


PF 





A.C. CHARACTERISTICS (Vcc = +5V ±10%, Ta = 0°C to 70°C) 
TIMING REQUIREMENTS 



Symbol 


Parameter 


MBL 8289 
Min 


MBL 8289-1 
Min. 


Max. 


Unit 


Test Condition 


TCLCL 


CLK Cycle Period 


125 


100 




ns 




TCLCH 


CLK Low Time 


65 


53 




ns 




TCHCL 


CLK High Time 


35 


26 




ns 




TSVCH 


Status Active Setup 


65 


55 


TCLCL-10 


ns 




TSHCL 


Status Inactive Setup 


50 


45 


TCLCL-10 


ns 




THVCH 


Status Active Hold 


10 


10 




ns 




THVCL 


Status Inactive Hold 


10 


10 




ns 




TBYSBL 


BUSY t4 Setup to BCLK^l 


20 


20 




ns 




TCBSBL 


CBRQ tl Setup to BCLK 1 


20 


20 




ns 




TBLBL 


BCLK Cycle Time 


100 


100 




ns 




TBHCL 


BCLK High Time 


30 


30 


0.65[TBLBL] 


ns 




TCLLL1 


LOCK Inactive Hold 


10 


10 




ns 




TCLLL2 


LOCK Active Setup 


40 


40 




ns 




TPNBL 


BPRN 4t to BCLK Setup Time 


15 


15 




ns 




TCLSR1 


SYSB/RESB Setup 










ns 




TCLSR2 


SYSB/RESBHold 


20 


20 




ns 




TIVIH 


Initialization Pulse Width 


3TBLBL + 
3 TCLCL 


3TBLBL-H 
3 TCLCL 




ns 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 



Symbol 


Parameter 


Min. 


Max. 


Unit 


Test Condition 


TBLBRL 






35 


ns 




BCLK to BREQ Delay It 


TBLPOH 






40 


ns 




BCLKtoBPROIt (See Note 1) 


TPNPO 






25 


ns 




BPRN IttoBPROIt Delay 
(See Note 1 ) 


TBLBYL 






60 


ns 




BCLK to BUSY Low 


TBLBYH 






35 


ns 




BCLK to BUSY Float (See Note 2) 


TCLAEH 


CLKtoAEN High 




65 


ns 




TBLAEL 






40 


ns 




BCLK to AEN Low 


TBLCBL 






60 


ns 




BCLKtoCBRQLow 


TBLCBH 






35 


ns 




BCLK to CBRQ Float (See Note 2) 


TOLOH 


Output Rise Time 




20 


ns 


From 0.8V to 2.0V 


TOHOL 


Output Fall Time 




12 


ns 


From 2.0V to 0.8V 



it Denotes that spec applies to both transition of the signal. 
NOTES: 



1. BCLK generates the first BPRO wherein subsequent BPRO changes lower in the chain are generated through BPRN. 

2. Measured at. 5V above GND. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



1.5-i-TEST POINTS^ 1.5 



A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A 
LOGIC "1" AND 0.45V FOR A LOGIC "0". THE CLOCK 
IS DRIVEN AT4.3V AND 0.25V. TIMING MEASUREMENTS 
ARE MADE AT 1 .5V FOR BOTH A LOGIC "1" AND"0". 
INPUT RISE AND FALL TIMES (MEASURED BETWEEN 
0.8V AND 2.0V) ARE DRIVEN AT 5±2NS. 



A.C. TESTING LOAD CIRCUIT 










DEVICE 

UNDER 

TEST 








^CITANCE 




Cl = 100pF 
Cl INCLUDES 


JIG CAP/ 
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WAVEFORMS 




NOTES; 

1 



LOCK ACTIVE CAN OCCUR 
DURING ANY STATE, AS 
LONG AS THE RELATION- 
SHIPS SHOWN ABOVE WITH 
RESPECT TO T HE CL K ARE 
MAINTAINED. LOCK INAC- 
TIVE HAS NO CRITICAL 
TIME AND CAN BE ASYN- 
CHRONOUS. 

-CRQLCK HAS NO CRITICAL 
TIMING AND IS CONSIDERED 
AN ASYNCHRONOUS INPUT 
SIGNAL. 

GLITCHING OF SYSB/RESB 
PIN IS PERMITTED DURING 
THIS TIME. AFTER (f>2 OF 
T1, A ND BE FORE 01 OF T4, 
SYSB/RESB SHOULD BE 
STABLE. 

AEN LEADI NG E DGE IS RE- 
LATED TO BCLK, TRAILING 
EDGE TO CLK. THE TRAIL- 
ING EDGE OF AEN OCCURS 
AFTER BUS PRIORITY IS 
LOST. 



ADDITIONAL NOTES: 

The signals related to CLK are typical processor signals, and do not relate to the depicted sequence of events of the signals 
referenced to BCLK. The signals shown related to the BCLK represent a hypothetical sequence of events for illustration. 
Assume 3 bus arbiters of priorities 1, 2 and 3 configured in serial priority resolving scheme as shown in Figure 6. Assume 
ar biter 1 h as the bus and is holding busy low. Arbi ter #2 det ects its processor wants the bus and pulls low BRE0#2. 
If BPRN#2 is high (as shown), arbiter #2 will pull low CBRQ line. CBRQ signals to the higher priority arbiter #1 that a lower 
priority arbiter wants the bus. [A higher priority arbiter wo uld be granted BPRN when it makes the bus request rather than 
having to wait for another arbiter to release the bus through CBRQl .* * Arbite r #1 will relinquish the multi-master system bus 
when it enters a state not requiring it (see Tabl e 1), by lowering its B PR0#1 (tied to BPRN#2) and releasing BUSY. Arbiter 
#2 now sees that it has priority from BPRN#2 being low and releases CBRQ. As soon as BUSY signifies the bus is available 
(high), arbiter #2 pulls BUSY low on next falling edge of BCLK. Note that if arbiter #2 didn' t want the bus at the time it 
received priority, it would pass priority to the next lower priority arbiter by lowering its BPR0#2 [TPNPO] . 
**Note that even a higher priority arbiter which is acquiring the bus through BPRN will momentarily drop CBRQ until it has acquired the bus. 
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PACKAGE ILLUSTRATION AND DIMENSIONS 
CERAMIC DIP (Suffix: CZ) 




DIP-20C-C01 



PLASTIC DIP (Suffix: P) 




DIP-20P-M01 



^ 




m 
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Microcomputers 
and Peripherals 



8-Blt Microcomputers and Periplierals 

2-2 MBL8048N/E/H NMOS Single-Chip 8-Bit IVIIcrocomputer 

2-2 MBL8035N/E/H NIVIOS Single-Chip 8-Bit l^lcrocomputer 

2-22 MBL8049N/E/H NMOS Single-Chip 8-Bit Microcomputer 

2-22 MBL8039N/E/H NMOS Single-Chip 8-Bit Microcomputer 

2-42 MBL8749HyN NMOS Single-Chip 8-Bit Microcomputer 

2-67 MBL8051AH NMOS Single-Chip 8-Bit Microcomputer 

2-67 MBL8031AH NMOS Single-Chip 8-Bit Microcomputer 

2-86 MBL80C49H/N CMOS Single-Chip 8-Bit Microcomputer 

2-86 MBL80C39H/N CMOS Single-Chip 8-Bit Microcomputer 

2-114 MBL8243 NMOS Input/Output Expander 

2-124 MBL82C43 CMOS Input/Output Expander 
4-Bit Microcomputers and Peripherals 

2-136 Selector Guide for 4-Blt Microcomputers 

2-160 MB88301A NMOS D/A Converter 

2-171 MB88304 NMOS Input/Outut Expander 

2-171 MB88305 NMOS Input/Outut Expander 

2-181 MB8831 CMOS Input/Output Expander 

2-181 MB88311 CMOS Input/Output Expander 

2-192 MB88306 CMOS Output Expander 

2-192 MB88307 CMOS Output Expander 

2-192 MB88308 CMOS Output Expander 

2-192 MB88309 CMOS Output Expander 
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FUJITSU 



MBL8048N/E/H 
MBL8035N/E/H 

NMOS Single-Chip 
8-Bit Microcomputer 



October 1986 
Edition 1 .0 



Description 



Features 



The Fujitsu MBL8048/MBL8035 is a totally self-contained 8-bit 
parallel one-chip microcomputer fabricated wtih an N-channel 
silicon gate MOS process. 

The MBL8048 has a 1 K x 8 ROM program memory, a 64 x 8 RAM 
data memory, 27 I/O ports, an 8-bit timer/counter and clock 
generator on-chip. A single power supply of +5V is used. The 
MBL8035 is identical to the MBL8048 except without program 
memory. It can be used with external memory for system 
prototyping and preproduction systems. 

The design is optimized for low cost, high performance 
applications because the MBL8048/MBL8035 is fabricated on a 
single silicon chip and can be used for applications that require 
additional expansion of ROMs, RAMs, I/O port, etc. 

This microcomputer permits external program operation and a 
single-step operation mode. Low power applications are possible 
by using the stand-by mode feature. 

The MBL8048/MBL8035 is packaged in a standard 40-pin DIP 
package and operation is guaranteed from 0°C to 70° C. 



8-bit Parallel Microcomputer 
I 12-bit Addressing 

96 Instructions: 70% Single 

Byte 
I 1.875AiS Cycle (E-Version) 

2.5//S Cycle (N-Version) 
I All Instructions are 1 or 

2 Cycles. 
I 1K X 8 ROM (MBL8048 only) 

64 X 8 RAM 

27 I/O Lines 
I Interval Timer/Event Counter 
I Single Level Interrupt 

Capability 
I Resident Clock Generator 

(External Frequency Source) 



■ External Input Capability 

■ Easily Expandable Memory 
and I/O 

■ 8 Level Stack 

■ External Program Mode 
Capability 

■ Low Power Stand-by Mode 
Capability 

■ Single +5V Power Supply 

■ N-channel Silicon Gate E/D 
MOS Process 

■ Standard 40-Pin DIP 

■ MBL8048: Compatible with 
Intel 8048 

MBL8035: Compatible with 
Intel 8035 



Portions reprinted by permission of Intel Corporation, Copyright ©1985 Intel Corporation. 
Compilation and additional materials Copyright © 1985 by Fujitsu Limited, Tokyo, Japan, and 
Fujitsu Microelectronics, Inc., Santa Clara, California, U.S.A. Fujitsu Limited is a licensee of Intel 
Corporation and authorized to produce alternate source products. 
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Block Diagram 



(21 TO 24, 35 TO 38) 



7v 7T 



PORT LATCH 
PC TEMP 
REGISTER 



7T 



iz 



8 _8d i 



PORT 2 LATCH 



<2 



7> 



iz 



7\ 



^z 



MEMORY 

BANK 

SELECT (MBF) 



RESIDENT 
ROM ARRAY 
(PROGRAM 
MEMORY) 

1Kx8 
(MBL8048 

ONLY) 

DATA 



(PROGRAM I 
STATUS WORD I 



sz 



n_n 




n 



SENSE IN- 
PUT OR 
Tn: 01 OUTPUT 
T,: EVENT 

COUNTER 

INPUT 





^ 


Ro REGISTER 


5 
1 




Rl REGISTER 1 


7_^ 


R2 REGISTER 2 


R3 REGISTER 3 




R4 REGISTER 4 




Rs REGISTER 5 




Re REGISTER 6 








8 LEVEL STACK 
(16 BYTES) 




Ro 


1 




Rl 




R2 




R3 




R4 




Rs 




Re 




R7 







RESIDENT RAM ARRAY 
(64 X 8) 



Pin Assignment 



ToC 




■^ 40 


XTAL1 C 




39 


XTAL2CZ 




38 


RlSETlZ 




37 


•^c 




36 


TntC 




35 


EACZ 




34 


RDC 




33 


PSEN 1- 




32 


WR"C 


10 TOP 31 1 


ALEC 


DBOC 




29 


DB1 C 




28 


DB2C: 




27 


DBSC 




26 


DB4C 




25 


DB5C 




24 


DB6l= 




23 


DB7C 




22 


VssC 


20 


21 



tUVcc 

Tl 
Z1P2V 

P26* 

P25» 
DP24* 

P17* 
I] PI 6* 
IDP15* 
II P14* 
DP13' 
I3P12' 
UP11* 
I]P10* 
n Vdd 
DPROG 
I]P23* 
ID P22* 
ID P2r 



This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields. However, it is advised that nornnal precautions 
be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance 
circuit. 



*These pins are internally pulled up. 
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Pin Description 



Pin No. Pin Name Symbol Function 



Sense 



This pin has the following functions according to 
instructions. 

1 ) Output of clock (4>1 ) 2MHz at 6MHz XTAL 

2) Condition input for a Conditional Branch 



Crystal 1 XTAL 1 



This is an input terminal for the internal Clock Generator to 
be connected to a terminal of the external crystal. 

Also, this pin can be used as the input from an external 
clock source. 



Note: This input is not compatible with TTL levels. 



Crystal 2 XTAL 2 



This is an input terminal for the internal Clock Generator to 
be connected to the other terminal of the external crystal. 

Note: This input is not compatible with TTL level. 



Reset 



RESET 



This input forces the MPU to be reset or initialized. 
Note: This input is not compatible with TTL level. 



Single Step SS 



This input is used in conjunction with ALE for single step 
operation. 



Interrupt INT 



This input is used to request an external interrupt. 



External 
Address 



EA 



When EA goes high while RESET is low, an external 
address (memory) can be used as the external program 
operation mode. 



This output is used as a strobe signal for an input of data from the 

Read RD data port (DB port). Also, it can be used as a read-enable signal 

when using an external data memory. 



Program 

Store 

Enable 



PSEN 



This output signal is generated at a fetch cycle in the 
external program operation mode. 

It is used as an enable signal for an external program 
memory. 



Write 



WR 



This output is a strobe signal for a data output from the 
DB port. 

Also, it can be used as a write-enable signal for an external 
data memory. 



11 



Address 

Latch ALE 

Enable 



This output signal is generated at the beginning of a fetch 
cycle both in the internal and external progaram memory 
operations. 

This output is used as a synchronizing signal with an 
external circuit and also, as a strobe signal for address 
outputs (Aq thru A7) of the DB port in the external program 
operation mode. 



12 

thru 

19 



Data Bus 
Port 



DBO 
thru 
DB7 



These pins are used as a bidirectional 8-bit input/output 
port (DB port). 

When an external memory is used as a program memory or 
data memory, this port is used as an address bus (Aq thru 
A7) or data input/output port, respectively. 



20 



Power 
Supply 



This pin is used as the Ground (GND) terminal. 



21 

thru 

24 



Port 2 



P20 
thru 
P23 



These are the lower four bits of a quasi-bidirectional 
input/output port (P2 port) which are used as address 
outputs (As thru A11) in a fetch cycle of the external 
program memory operation mode. When an expansion I/O 
instruction is executed, these are switched to an I/O 
expander bus for use with the MBL8243. 
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Pin Description 

(Continued) 



Pin No. Pin Name Symboi Function 



25 



26 



27 

thru 

34 



35 

thru 

38 



39 



40 



Program PROG 



Power 
Supply 



Port 1 



Port 2 



Sense 



Power 
Supply 



This output is used as a strobe signal for an I/O expander 
(MBL8243) when performing an expansion I/O instruction. 



Vdd 



This is used as the power supply terminal ( + 5V) for the built-in 
RAM 



P1o 
thru 

PI7 



P24 
thru 

P27 



This is a quasi-bidirectional input/output port (P1 port) 



These are the upper four bits of the quasi-bidirectional 
input/output port 2 (P2). 



This pin has the following functions according to the 
instruction given: 

1) Event Input for Event Counter 

2) Condition Input for Conditional Branch 



This is used as the power supply terminal (+5V). In stand-by 
operation mode this terminal is connected to GND. 



Functional Descriptions 
for Basic Blocics 



Blocic Name 



Clock Generation Circuitry 



I/O Port 



Function 



A master clock signal within a frequency range of 1 MHz to 6MHz 
is supplied from the built-in Clock Generator using an external 
crystal and capacitor network, or from an external signal source. 



The frequency of the master clock is divided through the 
1/3 Frequency Divider to generate a state clock signal. 
Then, the frequency of the state clock is divided through the 
1/5 Frequency Divider to generate a final cycle clock signal. 

The state clock can be transferred to the Tq terminal by an 
instruction. 

The cycle clock is used for internal operations and is also 
available on the ALE terminal. 



Three bidirectional or quasi-bidirectional 8-bit I/O ports and 
three input terminals are provided for signal inputs and 
outputs. 

Port (Bus Port) and the lower 4 bits of Port 2 shown in the 
Block Diagram are used for access to external memories or 
I/O expanders. 



In the MBL8048, programs are stored in the built-in ROM 
(1 Byte). Also, the contents in the ROM can be used as 
data for some instructions. 



Built-in ROM and RAM 



The built-in RAM (64 Bytes) is used for general register 
area, stack area and working area. 

ROM is expandable up to a total of 4K Bytes with externally 
attached ROM by switching the memory bank. 

RAM is expandable by an additional 256 Bytes with 
externally attached RAM. 

MBL8035 does not have any built-in ROM. It uses external 
ROM for program storing. 



Program Counter 



The program counter is an 1 1-bit register which indicates a 
fetch address of program memory and is incremented by 
every execution of an instruction. 
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Functional Descriptions 
for Basic Biocics 

(Continued) 



Blocic Name 



Function 



Instruction Register 



The Instruction Register is an 8-bit register which stores a 
fetched instruction in a fetch cycle. 



Instruction Decoder 



The Instruction Decoder decodes the instruction stored in 
the Instruction register and generates various control 
signals for both internal circuitry and external peripherals. 



Arithmetic Logic Unit (ALU) 



Various operations such as addition, subtraction, 
comparison, etc., are executed in the ALU. Operation to be 
executed is determined from the decoding of an instruction. 



Interval Timer/Event Counter 



Status Register Including 
Stack Pointer 



The Interval Timer/Event Counter is an 8-bit register which 
can be controlled by instruction execution. The interval 
timer mode or event counter mode can be designated by 
instruction execution, as well. 

This register is not initialized by the RESET signal. In the 
interval timer mode, the register can count up the 
frequency signal which is generated by dividing the cycle 
clock frequency by 32. 

When the source oscillation frequency is 6MHz, this 
enables the register to count a time interval of up to 
20.48ms with resolution of 80yws. 

In this mode, the register generates an interrupt vector 
address (Address 07), if the register overflows from (FF)i6 
to (00)i6. 

Even if an overflow occurs, the register can continue to 
count up. This enables the register to count a longer time 
interval by using proper software. In the event counter 
mode, the register counts on the falling edge of the T^ 
input. 

In this mode, the features of the register other than the 
counting trigger are the same as those in the interval timer 
mode. 

Note: The T-i input pulse has a 500ns Min. pulse width and a 
7.5yws Min. cycle time at 6MHz of source oscillation. 



The Status Register is an 8-bit register which consists of 
four bits for flags, three bits for the Stack Pointer and an 
unused bit. 

The flag bits indicate the status of the MPU. 

The Stack Pointer indicates with its three bits an address in 
the stack area to be used in the next subroutine call or 
interrupt. 
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Resident Data Memory 
Map (RAM) 



Address 
(Hex) 



1 

2 

3 

4 

5 

6 

7 

8 

9 



I 

16 

17 

18 

19 

1A 

IB 

1C 

ID 

IE 

IF 

20 

21 

22 



3D 
3E 
3F 



CY 



Rq Register 



Ri Register 1 



R2 Register 2 



R3 Register 3 



R4 Register 4 



R5 Registers 



Re Register 6 



R7 Register 7 



PCl 



HC 



FO 



Rq Register 



Ri Register 1 



R2 Register 2 



R3 Register 3 



R4 Register 4 



R5 Registers 



Re Registers 



R7 Register 7 



Register Bank 



BS 



PCh 



Register Bank 1 



Working Area (32 Bytes) 



Stack Register 

(16 Bytes) 

(8 Level Stack) 



Status Register (PSW) 

The Status Register is an 8-bit 
register configured as shown in 
the following figure. The upper 
four bits are used for flags to 
indicate the status of the MRU, 
and when a sub-routine call or 
an interrupt occurs, the 
contents of the program 
counter is transferred to one 
of the 8 register pairs of the 
Stack Register as determined 
by the lower three bits of the 
Status Register. The remaining 
one bit is an unused bit. 



7 


6 


S 


4 


3 


2 


1 





CY 


HC 


Fo 


BS 


Blank 

(Unused 

Bit) 


SP2 


SPi 


SPo 


^ r-i -. »^ 




"* — Stack Pointer — ► 




1 10 


y* 





Flags 

CY (Carry): When an overflow 
occurs in the Accumulator 
during an operation in the 
ALU, "1" is set in this bit. 

HC (Half Carry): When an 
overflow occurs from Bit 3 to 
Bit 4 in the accumulator as a 
result of an addition, "1" is set 
in this bit. 



Fo(User Flag): This flag can be 
controlled as a user flag by the 
proper instruction. 

BS (Bank select): This flag can 
be controlled to select a 
Register Bank by an 
instruction. When BS = 0, the 
Register Bank is selected. 
When BS = 1, the Register 
Bank 1 is selected. 
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Stack Register 
(8 Level Capability) 

The Stack Register occupies 
16-bytes of memory within the 
on-board RAM. It is configured 
into eight levels of two bytes 
each as shown in Figure 1. 

Stack Pointer (SP) 

In Figure 1., "SP" indicates the 
stack level to be used for the 
next sub-routine call or 
interrupt. The Stack Pointer 
generates one of eight 
address codes and resides in 
the lower three bits of the 
status register. 

SP = 0000 1 SP2SP1SP0 

Program Counter (PC) 

In Figure 1., "PCp" indicates 
the individual bit contents of 
each of the Program Counter 
bits. 

Interrupt Operation 

There are two interrupt 
modes, external interrupts, 
and timer/counter interrupts. 

When either interrupt occurs, 
an interrupt flag is set and 
upon completion of the 
executing instruction the 
interrupt is processed. 

Interrupt processing is as 

follows: 

1. The contents of the Status 

Register and Program 

Counter are saved on the 

Stack. 



2) Program flow jumps to the 
address specified at address 
three (3) for external 
interrupts and address seven 
(7) for timer/counter interrupts. 

3. Completion of the interrupt 
processing occurs upon 
execution of the RETR 
(Return and Restore Status) 
instruction. 

4. The contents of 

the program counter and 
status register are restored 
from the stack, the interrupt 
flag is reset to be ready for the 
next interrupt, and program 
execution continues from 
where it left off. 

Timer/counter interrupts 
occur when the overflow flag 
is set as a result of an overflow 
from the Timer/Counter. 

External interrupts occur 
when a low level input is 
applied to the "INT" input. 

External interrupts have 
priority over Timer/Counter 
Interrupts, so if both interrupts 
occur at the same time the 
external interrupt will be 
processed first. After com- 
pletion of the external 
interrupt and resetting of the 
interrupt flag the Timer/ 
Counter interrupt will be 
processed. 

Instructions 

All instructions are either one 
or two bytes long and execute 
in one or two cycles. Address- 



ing modes are classified into 
direct, expanded, indirect, 
immediate and implied. 

Instruction Mode 
1) 1 Byte Instruction 



H^ 



Implied Addressing Mode 



Register Indirect 
Addressing Mode 



Register Direct 
Addressing Mode 

2) 2 Byte Instruction 



1 f 1 OP 1 


Immediate Addressing Mode 


1 Ah 1 f 1 Al | 



Expanded Addressing Mode 



f: Instruction Operation Set 

r: Register Set 

OP: Operand Data 

Ah, Ai_: Operand Address 



Figure 1. 

SP-3 
SP-2 
SP-1 

SP 
SP+ 1 



RAM 
Address 



7 


6 


5 


4 


3 


2 


1 





















PC7 


PCs 


PCs 


PC4 


PC3 


PC2 


PCi 


PCo 


CY 


HC 


Fo 


BS 


PC11 


PC10 


PC9 


PCs 



















































A Set of 2 Bytes 



This level will be used at the 

next sub-routine call or 

interrupt. 

Stack Position 

SP = 00001 SP2SP1SP0 
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Operation Flow Chart 



Flow Chart for Interrupt Operation 



i POWER ON ) 



[ 



(TIMER f 



^ 





INSTRUCTION 
FETCH 



INSTRUCTION 
EXECUTION 




I (EXTERNAL 
\ INTERRUPT) 
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Instruction Set Summary 



Accumulator 



Operation 



OP 



Flag 



Mnemonic Code Byte Cycle CY HC Fq F^ Note 



Add register to A 


ADD A,R, 


6X 


Add data memory to A 


ADDA,@Ro 


60 




ADDA,@Ri 


61 


Add immediate to A 


ADD A,#data 


03 


Add register with carry 


ADDC A,Rr 


7X 


Add data memory with carry 


ADDCA,@Ro 


70 




ADDCA,@R. 


71 


Add immediate to A with carry ADDC A,#data 


13 


And register to A 


ANL A,R, 


5X 


And data memory to A 


ANLA,@Ro 


50 




ANL A,@Ri 


51 


And immediate to A 


ANL A,#data 


53 


Clear A 


CLR A 


27 


Complement A 


CPLA 


37 


Decimal Adjust A 


DA A 


57 


Decrement A 


DEC A 


07 



Increment A 

Or register to A 

Or data memory to A 

Or immediate to A 

Rotate A left 

Rotate A left with carry 

Rotate A right 

Rotate A right with carry 

SWAP nibbles of A 

Exclusive Or register to A 

Exclusive Or data memory 

to A 

Exclusive Or immediate to A 



ORLA.R^ 


4X 


ORL A,@Ro 


40 


ORLA,@R^ 


41 


ORL A,#data 


43 


RLA 


E7 


RLC A 


F7 


RR A 


77 


RRCA 


67 


SWAP A 


47 


XRLA.R, 


DX 


XRL A,@Ro 


DO 


XRL A,@Ri 


D1 


XRL A,#data 


D3 



(Rr) + (A) - 


(A) 




((Ro)) + (A) 


-(A) 




((Ri))MA) 


-(A) 




data + (A) - 


(A) 




(Rr) + (A) + 


(C)-. 


(A) 


((Ro)) + (A) 


+ (C) 


-(A) 


((Ri)) + (A) 


MC)- 


(A) 


data + (A) + 


(C)- 


A) 


(Rr) n (A) - 


(A) 




((Ro)) n (A) 


-(A) 




((Ri))n(A) 


-(A) 




data n (A) - 


(A) 




0-(A) 






(A) - (A) 






Note(1) 






(A) -1 - (A) 






(A) + 1 -- (A 






(Rr) U (A) -- 


(A) 




((Ro))U(A) 


-(A) 




((Ri)U(A)- 


MA) 




data U (A) - 


(A) 






- ((Ro))©(A)^(A) 

- ((Ri))e(A)-(A) 

- data©(A)-(A) 
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Instruction Set Summary 

(Continued) Input/Output 



OP 



Flag 



Operation 


Mnemonic 


Code 


Byte 


Cycle CY HC Fq 


i 


Note 


And immediate to BUS 


ANL BUS.#dat£ 


98 


2 


2 


_ _ _ 




data n (BUS) - (BUS) 


Pi 


ANL Pi,#data 


99 


2 


2 


— — — 


— 


datan(Pi)-(Pi) 


P2 


ANL P2,#data 


9A 


2 


2 


_ _ _ 


— 


data n (P2) - (P2) 


And A to Expander Port 


ANLD Pp.A 


9X 


1 


2 


- - - 


- 


(A) n (Pp) - (Pp) 


Input BUS to A 


INSA.BUS 


08 


1 


2 


_ _ _ 


_ 


(BUS) - (A) 


Port 1 to A 


IN A,Pi 


09 


1 


2 


_ _ _ 


— 


(Pi) -(A) 


Port 2 to A 


IN A,P2 


OA 


1 


2 


_ _ _ 


— 


(P2) - (A) 


Input Expander port to A 


MOVD A,Pp 


OX 


1 


2 






(Pp) - (A0-3) 
- (A4.7) 


Or immediate to BUS 


ORL BUS,#data 


88 


2 


2 





_ 


data U (BUS) - (BUS) 


Pi 


ORL Pi,#data 


89 


2 


2 


— — — 


— 


dataU(Pi)-(Pi) 


P2 


ORL P2,#data 


8A 


2 


2 


_ _ _ 


— 


dataU(P2) -* (P2) 


Or A to Expander Port 


ORLD Pp.A 


ex 




2 


_ _ _ 


— 


data U (Pp) - (Pp) 


Output A to BUS 


OUTL BUS, A 


02 




2 


_ _ _ 


— 


(A) - (BUS) 


Pi 


OUTL Pi,A 


39 




2 


_ _ _ 


— 


(A) - (Pi) 


P2 


OUTL P2.A 


3A 




2 


_ _ _ 


— 


(A) - (P2) 


Output A to Expander Port 


MOVD Pp.A 


3X 




2 


— — — 


— 


(A) - (Pp) 


Data Moves 




OP 






Flag 






Operation 


Mnemonic 


Code 


Byte 


Cycle CY HC Fq 


^ 


Note 


Move register to A 


MOVA.R, 


FX 


1 


1 


_ _ _ 


_ 


(Rr) ^ (A) 


Move data memory to A 


MOV A,@Ro 


FO 


1 


1 


_ _ _ 


— 


((Ro)) - (A) 




MOV A,@Ri 


F1 


1 


1 


_ _ ._ 


— 


((Ri))^(A) 


Move immediate to A 


MOV A,#data 


23 


2 


2 


_ _ _ 


— 


data - (A) 


Move A to register 


MOV R,,A 


AX 


1 


1 


_ _ _ 


— 


(A) - (Rr) 


Move A to data memory 


MOV @ Rq.A 


AO 


1 


1 


_ _ _ 


— 


(A) - ((Ro)) 




MOV@Ri,A 


A1 


1 


1 


_ _ _ 


— 


(A)-((Ri)) 


Move immediate to register 


MOV Rr,#data 


BX 


2 


2 


_ _ _ 


— 


data - (Rr) 


Move immediate 
















to data memory 


MOV@Ro,#dataBO 


2 


2 


_ _ _ 


— 


data - ((Ro)) 




M0V@Ri,#dataB1 


2 


2 


_ _ _ 


— 


data-((Ri)) 


Move PSW to A 


MOV A, PSW 


07 




1 


_ _ _ 


— 


(PSW) - (A) 


Move A to PSW 


MOV PSW.A 


D7 




1 




— 


(A) - (PSW) 


Move external data memory 
















to A 


MOVX A,@Ro 


80 




2 


— — — 


~ 


((Ro)) - (A) 




MOVXA,@Ri 


81 




2 


_ _ _ 


_ 


((Ri))-(A) 


Move A to eternal 
















data memory 


MOVX @Ro,A 


90 




2 


— — — 


— 


(A) - ((Ro)) 




MOVX@Ri,A 


91 




2 


_ _ _ 


— 


(A)-((Ri)) 


Move to A from current page 


MOVP A,@A 


A3 




2 


- - - 


- 


((A)) -* (A) 


Move to A from page 3 


MOVP3 A,@A 


E3 




2 


— — — 


— 


((A)) within page 3 -(A) 


Exchange A and register 


XCH A.Rr 


2X 




1 






(Rr) :: (A) 


Exchange A and data memory XCH A,@Ro 


20 




1 


_ _ _ 


— 


((Ro)) :: (A) 




XCH A,@Ri 


21 




1 


- - - 


- 


((Ri))::(A) 


Exchange nibble of A 


XCHD A,@Ro 


30 




1 


_ _ _ 


_ 


((RO)o.3) r (A0.3) 


and data memory 


XCHD A,@Ri 


31 




1 


- - - 


- 


((R1)o-3)^(Ao-3) 
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Instruction Set Summary 

(Continued) 



Registers 



OP 



Flag 



Operation 


Mnemonic 


Code 


Byte 


Cycle CY HC Fq 


Fi 


Note 


Decrement Register 


DECR, 


CX 


1 


1 


- 


(Rr) - 1 - (Rf) 


Increment register 


INCRr 


IX 


1 


1 _ 


_ 


(Rr) + 1 - (Rr) 


Increment data memory 


INC @Ro 
INC @ Ri 


10 
10 


1 
1 


1 _ _ _ 


~ 


((Ro)) + 1 - ((Ro)) 
((Ri)) + i -((Ri)) 


Timer/Counter 




OP 




Flag 






Operation 




Code 


Byte 


Cycle CY HC Fq 


Fi 


Note 


Disable Timer/Counter 
Interrupt 


DISTCNTI 


35 


1 


1 _ _ -. 


- 




Enable Timer/Counter 
Interrupt 


ENTCNTI 


25 


1 


1 - - _ 


- 




Read Timer/Counter 


MOV A.T 


42 


1 


1 


_ 


(T) - (A) 


Load Timer/Counter 


MOV T.A 


62 


1 


1 _ _ _ 


- 


(A) - (T) 


Start Timer 


STRTT 


55 


1 


■l _ 







Start Counter 


STRT CNT 


45 


1 


1 _ _ _ 


— 




Stop Timer/Counter 


STOP TCNT 


65 


1 


1 _ _ _ 


- 
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Control 



OP 



Flag 



Operation 


Mnemonic 


Code 


Byte 


Cycle 


CY HC Fo Fi Note 


Disable external Interrupt 


DISI 


15 


1 


1 


- - 


Enable external Interrupt 
Enable Clock output on Tg 


ENI 
ENTq CLK 


05 
75 


1 
1 


1 

1 


- - - - 


No Operation 


NOP 


00 


1 


1 


- 


Select register bank 
Select register bank 1 
Select memory bank 
Select memory bank 1 


SEL RBO 
SEL RBI 
SEL MBO 
SEL MB1 


05 
D5 
E5 
F5 


1 
1 
1 
1 


1 
1 
1 
1 


- - - - - (BS) 

- - - - 1-(BS) 
~ - - - O--(MBF) 

- - - - 1-(MBF) 
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Instruction Set Summary 

(Continued) 



Branch 



Operation 



OP 



Flag 



Mnemonic Code Byte Cycie CY HC Fq F^ Note 



Decrement register and test 


DJNZ R addr 


EX 


2 


2 


Jump unconditional 


JMPaddr 


%4 


2 


2 


Jump indirect 


JMPP@A 


B3 


1 


2 


Jump on Carry = 1 


JCaddr 


F6 


2 


2 


Jump on Carry = 


JNCaddr 


E6 


2 


2 


Jump on A zero 


JZaddr 


C6 


2 


2 


Jump on A not zero 


JNZ addr 


96 


2 


2 


Jump on Tq = 1 


JTO addr 


36 


2 


2 


Jump on Tq = 


JNTO addr 


26 


2 


2 


Jump on T^ = 1 


JT1 addr 


56 


2 


2 


Jump on Ti = 


JNT1 addr 


46 


2 


2 


Jump on Fq = 1 


JFOaddr 


B6 


2 


2 


Jump on Fi = 1 


JF1 addr 


76 


2 


2 


Jump on timer flag 


JTF addr 


16 


2 


2 


Jump on INT = 


JN1 


86 


2 


2 


Jump on accumulator bit 


JBr addr 


%2 


2 


2 


Subroutine 











(Rr) ¥^ Note (2) 

Unconditional Branch 

Unconditional branch 

Note (3) 

(C) = 1 

(C)=0 

(A)=0 

(A)^0 

(To) = 1 

(To) = 

(Ti) = 1 

(Ti)=0 

(Fo) = 1 

(Fi) = 1 

(1^ = 1 

(INT) =0 

(Ar) = 1 



OP 



Fiag 



Operation 



Iflnemonic Code Byte Cycie CY HC Fq F^ Note 



Jump to subroutine 


CALL addr 


%4 


2 


2 


- - - 


- Note (4) 


Return 


RET 


83 


1 


2 





— Note (5) 


Return and restore status 


RETR 


90 


1 


2 


* * * 


— Note (6) 



Flags 



Fiag 



Operation 




Code Byte 


Cycie CY HC Fq F^ Note 


Clear carry 


CLRC 


97 1 


1 Z - - - - (C) 


Complement carry 


CPLC 


A7 1 


1 CP - - - (C)^(C) 


Clear Flag 


CLRFo 


85 1 


1 _ - Z - O^(Fo) 


Complement Flag 


CPLFq 


95 1 


1 _ - CP - (Fo) - (Fo) 


Clear Flag 1 


CLRFi 


A5 1 


1 - _ _ Z 0-'(Fi) 


Complement Flag 1 


CPLFi 


B5 1 


1 _ _ _ CP (Fi)^(Fi) 



Notes: 

Operation Code X: Tables-1, 2 %: Table 3 

Flag*: This flag is set or reset in the state after executed instruction. 

Z: This flag is reset. 

CP: This flag is complennented. 

1 ) The accumulator value is adjusted to form BCD digits 
following the binary addition of BCD numbers. 

2) DJNZ Rp addr; 

(Rr) - 1 - (Rr) 

if (Rr) # addr - (PCo to PC7) 
if (Rr) = execute next instruction 

3)JMPP@A 

((A))-(PCotoPC7) 

4) CALL addr 

(PCotoPC7)^((SP)) 

(SP) + 1 - (SP) 

(PCg to PC11), (MBF), (PSW4 to PSW7) - ((SP)) 

(SP) + 1 - (SP) 

Al - (PCo to PC7) 

Ah - (PCs to PC10) 

MBF-(PCii) 



5) RET 

(SP) - 1 - (SP) 

((SP)oto(SP)3)-((PC)8to(PC)ii) 
(SP) - 1 - (SP) 
((SP))-(PCotoPC7) 

6) RETR 

(SP) - 1 - (SP) 
((SP)oto(SP)3)-(PC8toPCii) 

((SP)4t0(SP)7) -* (PSW4t0;PSW7) 

(SP) - 1 - (SP) 

((SP))^(PCotoPC7) 
Al: Lower 8 Bits of Address 
A^: Aq, A9, A10 of Address 
MBF: Memory Bank Flag 
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Instruction Set Summary 

(Continued) 



OP Code of Register Access (Table 1) 

Mnemonic Rr RO R1 R2 R3 R4 R5 R6 R7 



INCRr 


18 


19 


1A 


IB 


10 


ID 


IE 


IF 


XCH A.Rr 


28 


29 


2A 


2B 


20 


2D 


2E 


2F 


ORLA.Rr 


48 


49 


4A 


4B 


40 


4D 


4E 


4F 


ANLA.Rr 


58 


59 


5A 


5B 


50 


5D 


5E 


5F 


ADDA.Rr 


68 


69 


6A 


6B 


60 


6D 


6E 


6F 


ADDCA.Rr 


78 


79 


7A 


7B 


70 


7D 


7E 


7F 


MOV Rr.A 


A8 


A9 


AA 


AB 


AO 


AD 


AE 


AF 


MOV Rr,#clata 


B8 


B9 


BA 


BB 


BO 


BD 


BE 


BF 


DECRr 


08 


09 


OA 


OB 


00 


OD 


OE 


OF 


XRLA.Rr 


D8 


D9 


DA 


DB 


DO 


DD 


DE 


DF 


DJNZ Rr.M 


E8 


E9 


EA 


EB 


EO 


ED 


EE 


EF 


MOV A.Rr 


F8 


F9 


FA 


FB 


FO 


FD 


FE 


FF 



OP Code off Expander (Table 2) 
Mnemonic PP P4 



P5 



P6 



P7 



MOVD A.Pp 


OO 


OD 


OE 


OF 


MOVD Pp.A 


30 


3D 


3E 


3F 


ORLD Pp,A 


80 


8D 


8E 


8F 


ANLD Pp.A 


90 


9D 


9E 


9F 



OP Code of JMP, CALL, JB^ (Table 3) 

7 6 5 4 3 2 10 
JMP 

OALL 

JBr 

First Byte 



1 Ah 


1 1 |.i 


1 1 1 


First Byte 


1 Ah 


1 1 1 1 1 


1 1 


First Byte 


1 B, 


hlolo 


h 1 1 



6 5 



3 2 



7 6 5 



3 2 10 



Pi Pn 



7 6 5 4 3 2 1 





1 A, 1 


Second Byte 


1 A, 1 


Second Byte 


1 A, 1 



Al; Address Ay to Aq 
Ah; Address A-iq. Ag, As 
Bp r-th Bit on 
Accumulator 



Second Byte 
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Instruction Codes 



H X^ 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 





NOP 




OUTL 
BSU.A 


ADD 

A, # 


JMP 
Oxx 


EN 
1 




DEC 
A 


INS 
A.BUS 


IN 
A,P1 


IN 
A,P2 




MOVD 
A,P4 


MOVD 
A,P5 


r 

MOVD 
A,P6 


r " 

MOVD 
A,P7 


1 


INC 
@R0 


INC 
@R1 


J BO 
addr 


"1 
ADDC 
A# 


CALL 
Oxx 


DIS 
1 


JTF 
addr 


INC 
A 


INC 
RO 


INC 
R1 


INC 
R2 


INC 
R3 


INC 
R4 


INC 
R5 


INC 
R6 


INC 
R7 


2 


XCH 
A.@RO 


XCH 
A,@R1 




MOV 

A,# 


JMP 

1 XX 


EN 
TCNT1 


1 
JNTO 
addr 


CLR 
A 


XCH 
A,RO 


XCH 
A,R1 


XCH 
A,R2 


XCH 
A,R3 


XCH 
A,R4 


XCH 
A,R5 


XCH 
A.R6 


XCH 
A,R7 


3 


XCHD 
A,@RO 


XCHD 
A,@R1 


1 
JB1 
addr 




CALL 

1 XX 


DIS 
TCNT1 


JTO 
addr 


CPL 
A 




r 

OUTL 
P1,A 


r 

OUTL 
P2,A 




MOVD 
P4,A 


W 
MOVD 
P5,A 


MOVD 
P6,A 


r 

MOVD 
P7,A 


4 


ORL 
A,@RO 


ORL 
A,@R1 


MOV 

A,T 


1 
ORL 

A,# 


JMP 
2xx 


STRT 
CNT 


JNT1 
addr 


SWAP 
A 


ORL 
A,RO 


ORL 
A,R1 


ORL 
A,R2 


ORL 
A,R3 


ORL 
A,R4 


ORL 
A,R5 


ORL 
A,R6 


ORL 
A,R7 


5 


ANL 

A,@RO 


ANL 
A,@R1 


1 
JB2 
addr 


1 
ANL 
A,# 


CALL 
2xx 


STRT 

T 


1 
JT1 
addr 


DA 
A 


ANL 
A,RO 


ANL 
A,R1 


ANL 
A,R2 


ANL 
A,R3 


ANL 
A,R4 


ANL 
A,R5 


ANL 
A,R6 


ANL 
A,R7 


6 


ADD 
A,@RO 


ADD 
A,@R1 


MOV 
T,A 




JMP 
3xx 


STOP 
TCNT 




RRC 
A 


ADD 
A,RO 


ADD 
A,R1 


ADD 
A,R2 


ADD 
A,R3 


ADD 
A,R4 


ADD 
A,R5 


ADD 
A,R6 


ADD 
A,R7 


7 


ADDC 
A,@RO 


ADDC 
A,@R1 


1 
JB3 
addr 




CALL 
3xx 


ENTO 
CLK 


1 
JF1 
addr 


RR 
A 


ADDC 
A,RO 


ADDC 
A,R1 


ADDC 
A,R2 


ADDC 
A,R3 


ADDC 
A,R4 


ADDC 
A,R5 


ADDC 
A,R6 


ADDC 
A,R7 


8 


r 

MOVX 
A,@RO 


r 

MOVX 
A.@R1 




r 

RET 


JMP 
4xx 


CLR 
FO 


1 
JN1 
addr 




ORL 

BUS,# 


ORL 

P1,# 


1 
ORL 
P2,# 




r 

ORLD 
P4,A 


r 

ORLD 
P5,A 


r 

ORLD 
P6,A 


r 

ORLD 
P7A 


9 


r 

MOVX 
@RO,A 


MOVX 
@R1,A 


1 
JB4 
addr 


RETR 


CALL 
4xx 


CPL 
FO 


1 
JNZ 
addr 


CLR 
C 


1 
ANL 
BUS,# 


ANL 
P1,# 


ANL 
P2.# 




r 

ANLD 
P4,A 


ANLD 
P5,A 


ANLD 
P6,A 


r 

ANLD 
P7A 


A 


MOV 
@RO,A 


MOV 
@R1.A 




MOVP 
A,@A 


JMP 
5xx 


CLR 
F1 




CPL 
C 


MOV 
RO,A 


MOV 
R1,A 


MOV 
R2,A 


MOV 
R3,A 


MOV 
R4,A 


MOV 
R5,A 


MOV 
R6,A 


MOV 
R7A 


B 


MOV 
@R0,# 


MOV 

@R1,# 


JB5 
addr 


JMPP 
@A 


CALL 
5xx 


CPL 
F1 


"1 
JFO 
addr 




MOV 
RO, # 


MOV 
R1,# 


MOV 

R2, # 


MOV 
R3, # 


1 
MOV 

R4, # 


MOV 

R5, # 


MOV 
R6, # 


MOV 
R7# 


C 










JMP 
6xx 


SEL 
RBO 


1 
JZ 
addr 


MOV 
A.PSW 


DEC 
RO 


DEC 
R1 


DEC 
R2 


DEC 
R3 


DEC ' 
R4 


DEC 
R5 


DEC 
R6 


DEC 
R7 


D 


XRL 
A,@RO 


XRL 

A,@R1 


JB6 
addr 


1 
XRL 
A# 


CALL 
6xx 


SEL 
RBI 




MOV 
PSW.A 


XRL 
A.RO 


XRL 
A,R1 


XRL 
A,R2 


XRL 
A,R3 


XRL 
A,R4 


XRL 
A,R5 


XRL 
A,R6 


XRL 
A,R7 


E 








M0VP3 
A,@A 


JMP 
7xx 


SEL 
MBO 


JNC 
addr 


RL 
A 


DJNZ 
RO,M 


DJNZ 
R1,M 


DJNZ 
R2,M 


1 
DJNZ 
R3,M 


DJNZ 
R4,M 


DJNZ 
R5,M 


1 
DJNZ 
R6,M 


DJNZ 
R7,M 


F 


MOV 
A,@RO 


MOV 
A,@R1 


JB7 
addr 




CALL 
7xx 


SEL 
MB1 


1 
JC 
addr 


RLC 
A 


MOV 
A,RO 


MOV 
A,R1 


MOV 
A,R2 


MOV 
A,R3 


MOV 
A,R4 


MOV 
A,R5 


MOV 
A,R6 


MOV 
A,R7 



#: Immediate data 
H; Higher 4 bits 
L; Lower 4 bits 



Single-byte, Single-cycle 
Instruction 



Single-byte, Two-cycle 
Instruction 



Two-byte, Two-cycle 
Instruction 
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Typical 
Applications 



(1) Stand Alone System 



Hl-^lr- 



i 



XTAL1 
XTAL2 
RESET 
EA 



To 

Ti_ 

INT 



DBO 
DB7 
P10 
P17 

P20 

/ 
P27 



< 
< 



T^ 



< 



>^ 



>^ 



EXAMPLE: 

OSC XTAL = 1-6MHz 

Ci, C2 = 20pF 
Reset C3 = ^flf 



FUJITSU 



(2) Expanded System 



XTAL1 
XTAL2 
RESET 
EA 






WR 
RD 
ALE 



To 
Ti 

mr 



DB7 
P20 



< 



P24 P10 
P27 P17 



-^ EXPANSION ROM 
"^ EXPANSION RAM 



> ADDRESS \ 
(A7 ~ Ao) 



^ADDRESS LATCH 



\ D 
» 



(EXPANSION 
RAM 

EXPANSION 
ROM 



<;^ 12 BIT ~^^ I/O PORT 
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Absolute Maximum 
Ratingst 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc- 


Vdd 


-0.3 to +7.0 


V 


Input Voltage 


V,N 




-0.3 to +7.0 


V 


Operating Temperature 


Ta 




to +70 


°c 


Storage Temperature 


Tstp 




-55 to +150 


°c 


Power Dissipation 


Pd 




1.5 


w 



tPermanent device damage may occur if the ABSOLUTE MAXIMUM RATINGS are exceeded. Functional 
operation should be restricted to the conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliabilty. 



Recommended Operating 
Conditions 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc Vdd 


+5.0 ±10% 


V 


Vss 





V 


Operating Temperature 


Ta 


to +70 


°c 



DC Characteristics 

(TA = 0°Cto+70°C, Vcc = 
= 5.0V ±10%, Vss = OV) 



Parameter 



Symbol 



Test Vaiue 

Conditions 



Min. 



Max. Unit 



All Except XTAL1, 2, ^ 
Input Low Voltage RESET "- 


-0.3 


0.8 


V 


XTAL1,2, RESET V||_i 


-0.3 


0.6 


V 


All Except XTAL1, 2. ^ 
Input High Voltage RESET '^ 


2.0 


Vcc 


V 


XTAL1,2, RESET V|hi 


3.8 


Vcc 


V 



BUS 



Vn 



= 2.0mA 



Output Low Voltage 



RD, WR, PSEN, ALE Vqu 



loL = 2.0mA 



PROG 



JQL = 10mA 



0.45 



0.45 



0.45 





Other outputs 


VoL3 


loL = 1-6mA 




0.45 


V 




BUS 


Vqh 


loH = -400/iA 


2.4 




V 


Output High Voltage 


RD.WR, PSEN, ALE VoHi 


loH = -lOOyUA 


2.4 




V 




Other Outputs 


V0H2 


loH = -50/iA 


2.4 




V 


Input Leakage 
Current 


Ti, INT 


'iL 


Vss<V|N<Vcc 




±10 


^^ 


P10-P17, P20-P27 
EA, SS 


'iLI 


Vss + 0.45V< 
V,N<Vcc 




-500 


^/\ 


Output Leakage 
Current 


BUS, To (High- 
Impedance) 


'OL 


Vss + 0.45V< 

ViN^Vcc 




±10 


/iA 


Vdd Supply Current 


MBL8048/35 N/E 
MBL8048/35 H 


- 'dd 






15 


mA 






25 


mA 


Total Supply Current 


MBL8048/35 N/E 
MBL8048/35 H 


' 'dd "^ 'cc 






135 


mA 






155 


mA 
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AC Characteristics* 

(TA = 0°Cto+70°C, Vcc = Vd 
= 5.0V ±10%, Vss = OV 



H-Version E-Version N-Version 



Parameter 


Symbol 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Unit 


ALE Pulse Width 


^LL 


150 




260 




410 




ns 


Address Setup Time (to ALEi) 


Ul 


70 




140 




230 




ns 


Address Hold Time (from ALEI) 


'LA 


50 




80 




120 




ns 


Control Pulse Width (RD, WR) 


tcci 


480 




730 




1050 




ns 


Control Pulse Width (PSEN) 


tcC2 


350 




550 




800 




ns 


Data Setup Time (before WRf) 


^DW 


390 




610 




880 




ns 


Data Hold Time (after WRf)** 


^WD 


40 




80 




120 




ns 


Data Hold Time 
(after RDt.PSENt) 


^DR 





110 





160 





220 


ns 


Data Delayed Time 
(RDi to data in) 


tpDI 




350 




550 




800 


ns 


Data Delayed Time 
(PSENltodatain) 


^RD2 




210 




360 




550 


ns 


Address Setup Time (to WRi) 


Uw 


310 




480 




680 




ns 


Address Setup Time 
(RD, to data in) 


^ADI 




760 




1130 




1590 


ns 


Address Setup Time 
(PSEN, to data in) 


tAD2 




480 




750 




1090 


ns 


Address Floating Time 
(to RDI, WRI) 


Ufci 


140 




210 




290 




ns 


Address Floating Time 
(to PSENi) 


UfC2 


10 




20 




40 




ns 


RD, WR Output Time (from ALEI) 


^LAFCI 


200 




300 




420 




ns 


PSEN Output Time (from ALEi) 


tLAFC2 


60 




110 




170 




ns 


ALE Output Time 
(from RDf,WRt, PROG!) 


tcAl 


50 




80 




120 




ns 


ALE Output Time (from PSENt) 


tcA2 


320 




460 




620 




ns 


Port Control Setup Before 
Falling Edge of PROG Time 


tcp 


100 




170 




250 




ns 


Port Control Hold After 
Falling Edge of PROG Time 


tpc 


160 




300 




460 




ns 


PROG Time P2 Input 
Must Be Valid 


tpR 




700 




1000 




1380 


ns 


P2 Input Data Hold Time 
(after PROGt) 


tpF 





140 





190 





250 


ns 


Output Data Setup Time 
(to PROGt) 


top 


400 




600 




850 




ns 


Output Data Hold Time 
(after PROG!) 


tpD 


90 




130 




200 




ns 


PROG Pulse Width 


tpp 


700 




1060 




1500 




ns 


Port2 I/O Data Setup Time 
(to ALE!) 


tpL 


160 




300 




460 




ns 


Port2 I/O Data Hold Time 
(from ALEt) 


^LP 


40 




60 




80 




ns 


Port Data Output Time 
(from ALEi) 


tpv 




510 




660 




850 


ns 


Cycle Time*** 


tcY 


1.36 




1.875 




2.5 




/iS 


To Output Cycle Time 


^OPRR 


270 




370 




500 




ns 



*: 6MHz XTAL (N-Version), 8MHz XTAL (E-Version), 11MHz XTAL (H-Version) Load Conditions: BUS: Cl 

150pF; Other Outputs Cl = 80pF 

**: Load Conditions Cl = 20pF High Impedance 

***; tcY = 2.5yws (6MHz XTAL N-Version), tcy = 1.875/us (8MHz XTAL E-Version), t^y = 1.36/us (11 MHz XTAL 

H-Version) 
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Timing Diagram 



Instruction Fetch From External Program Memory 



BUS FLOATING 



>GEE3( 



"* tRD2 - 



MNStRUCTION] f 



X 



FUJITSU 



Read From External Data Memory 



H tLAFCI ^ 



FLOATING j ADDRESS . ( 



C 



< tf 



^i '"' y 



1_ 



Write To External Data Memory 

ALE 



^ \^ 1{ 



1_ 



BUS FLOATING 



^ Iaw- 



xeeex 



" % ■"" A 
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Timing Diagram 

(Continued) 



P20-23 Input/Output For Use Of External Program Memory And Expander I/O Port 



J 



j^ PCH "^( PORTDATa"^^ control"^ f OUTPUT DATA ^/""^ 



1 



L — tpc — »^ — ^J ti 



X ^~ x-°"°*-*x cJiXoL y ^{w^'. 



FUJITSU 



1 



Port 1/Port 2 Outputs 

- J — 1_ 



zx 



P24-27 
P10-17 



T r 



-A- 



NEW PORT DATA 



!XE 



NEW PORT DATA 



Clock Outputs 



To 
ALE 



RP 
WR 



SI 

-IT 


S2 


S3 

_J1 


S4 


S5 

-Ti 


SI 


S2 


S3 


S4 


S5 


_» 




1 




"^ 


















































































T 
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Package Dimensions 

Dimensions in inches 
(millimeters) 

40-Lead Ceramic 

(Metai Seai) 

Dual in-Line Pacicage 

(Case No.: DiP-40C-A01) 



^^-5 



C= 




40-Leaci Plastic 

Dual In-Line Package 

(Case No.: DIP-40P-M01) 



~-| [—.060(1, 



'J 



090(2.29) I .036(0.91) ^11 .015(0.31 

110(2.79) '".055(1.40) ~^'" .023(0.51 



.177(4.50)(y«AX 



.040(1.02) 
.060(1 .53) 



' 1.900(48.26)REF 

© 1986 FUJITSU LIMITED D40006S-1C 



n n n n n n 




n n n i-i i~i n r~i 



15° MAX 



(EJECTOR MARK) 



UULJLJUUULJLjuLjljljljljljljljlju 

2.045(51 .95) 



.533(13.55) 

.553(14.05) 

590(14.99) 
.610(15.49) 



\m 



(0.20) / 



.008(0. 
.012(0.30) 




0.70(1.77) .021(0.54) 

© 1985 FUJITSU LIMITED D40005S-1C 



195(4.96)MAX 



.118(3.00)MIN 



Oscillation Circuits 



Crystal Oscillator 



■n 



20pF* 



f 



MBL8048 
MBL8035 



External Clock Drive 

5V 



External 
Clock* 



>-{>o- 



3V 

470Jtte 



MBL8048 
MBL8035 



* Including stray capacitances 



*Both high an6 low times should be more than 35% of the cycle 
time, and rise and fall times should be less than 20ns. 
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MBL8049N/E/H 
MBL8039N/E/H 

NMOS Single-Chip 
8-Bit Microcomputer 



October 1986 
Edition 1 .0 



Description 



Features 



The Fujitsu MBL8049/MBL8039 is a totally self-contained 8-bit 
parallel one-chip microcomputer fabricated with an N-channe! 
silicon gate MOS process. 

The MBL8049 has a 2K x 8 ROM program memory, a 128 x 8 
RAM data memory, 27 I/O ports, an 8-blt timer/counter and 
clock generator on chip. A single power supply of +5V Is used. 
The MBL8039 is identical to the MBL8049 except without 
program memory. It can be used with external memory for 
system prototyping and preproduction systems. 

The design is optimized for low cost, high performance 
applications because the MBL8049/MBL8039 is fabricated on a 
single silicon chip and can be used for applications that require 
additional expansion of ROMs, RAMs, I/O port, etc. 

This microcomputer permits external program operation and a 
single-step operation mode. Low power applications are possible 
by using the stand-by mode feature. 

The MBL8049/MBL8039 is packaged in a standard 40-pin DIP 
package and operation is guaranteed from 0°C to lO^C. 



I 8-bit Parallel Microcomputer 

I 12-bit Addressing 

I 96 instructions: 70% Single 

Byte 
I 1.875//S Cycle (E-Version) 

2.5fjs Cycle (N-Version) 

All Instructions are 1 or 

2 Cycles. 

2K X 8 ROM (MBL8049 only) 

128 X 8 RAM 

27 I/O Lines 
I Interval Timer/Event Counter 
I Single Level Interrupt 

Capability 
I Resident Clock Generator 

(External Frequency Source) 



I External Input Capability 
I Easily Expandable Memory 

and I/O 
I 8 Level Stack 
I External Program Mode 

Capability 
I Low Power Stand-by Mode 

Capability 
I Single +5V Power Supply 
I N-channel Silicon Gate E/D 

MOS Process 
I Standard 40-Pin DIP 
I MBL8049: Compatible with 

Intel 8049 

MBL8039: Compatible with 

Intel 8039 



Portions reprinted by permission of Intel Corporation, Copyright © 1 985 Intel Corporation. Connpllation 
and additional materials Copyright © 1985 by Fujitsu Limited, Tokyo, Japan, and Fujitsu 
Microelectronics, Inc., Santa Clara, California, U.S.A. Fujitsu Limited is a licensee of Intel Corporation 
and authorized to produce alternate source products. 
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Block Diagram 



(21 TO 24, 35 TO 38) 



7> 7> 



BUS BUFFER 



PORT LATCH 
PC TEMP 
REGISTER 



7T 



SI iZ 



E 8^ 



PORT 1 LATCH 



7T 



iz 



PORT 2 LATCH 

77 



iZ 



7> 



\z 



MEMORY 

BANK 

SELECT (MBF) 



RESIDENT 
ROM ARRAY 
(PROGRAM 
MEMORY) 

2KX8 

(MBL8049 

ONLY) 

DATA 



I PROGRAM I 
STATUS WORD I 



Sz. 



OI 









DIVIDER 
^480 




1 


Itimer/event 

1 COUNTER 




1 



- Vdd +5V (INTERNAL RAM POWER) 

- Vcc +5V 
" Vss OV GND 



CONTROL PINS 



rrTTPTTTTT 



SENSE II 
PUT OR 
To: *1 OUTPUT 
Ti: EVENT 

COUNTER 

INPUT 



INTER- I/O EX- 

RUPT PANDER 

STROBE 



CONDITIONAL 
BRANCH 
LOGIC 



OSCIL- 
LATOR 
XTAL 



PRO- 
GRAM 
STORE 
ADDRESS ENABLE 
LATCH SINGLE 

STROBE STEP 

(IN- 
STRUC- 
TION 
CYCLE 
CLOCK) 



fe 



To 

Ti 

INT 

FLAGO 

FLAG1 

TIMER FLAG 

CARRY 

ACC 

ACC BIT TEST 



1 

s 
s 


Ro REGISTER 


o 


Ri REGISTER 1 


R2 REGISTER 2 


R3 REGISTER 3 


R4 REGISTER 4 


Rs REGISTER 5 


Re REGISTER 6 




8 LEVEL STACK 
(16 BYTES) 


Ro 


1 


Rl 


R2 


R3 


R4 


Rs 


Re 


R7 





RESIDENT RAM ARRAY 
(128 X 8) 



Pin Assignment 



To C 


XTAL1 C 


XTAL2 C 


RESET 1_ 


•ssiz 


ThiTlZ 


EAC 


rdC 


PSEN L- 


WR C 


ALEC 


DBO C 


DB1 JZ 


DB2EI 


DB3C 


DB4[Z 


DB5IZ 


DB6C 


DB7 C 


VssC 



22 



1 VCC 
39bTi 
38 13 P27' 
37 D P26' 
36 I] P25' 
35 Zl P24« 
34 Zl P17* 
33 Z] P16* 
32 D PI 5* 
31 Zl P14' 
30 I] P13' 
29 I] PI 2* 
28 Zl P11* 
27 H P10' 
26 Zl Vdd 
25 D PROG 
24 Zl P23* 
23 Zl P22' 



1 PiV 



21 Zl P20* 



This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields. However, it is advised that normal precautions 
be talcen to avoid application of any voltage higher 
than maximum rated voltages to this high impedance 
circuit. 



*These pins are internally pulled up. 
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Pin Description 



Pin No. Pin Name Symbol Function 



Sense 



This pin has the following functions according to 
instructions. 

1) Output of clock (01) 2MHz at 6 MHz XTAL 

2) Condition input for a Conditional Branch 



Crystal 1 XTAL 1 



This is an input terminal for the internal Clock Generator to be 
connected to a terminal of the external crystal. 

Also, this pin can be used as the input from an external 
clock source. 



Note: This input is not compatible with TTL levels. 



Crystal 2 XTAL 2 



This is an input terminal for the internal Clock Generator to 
be connected to the external crystal. 

Note: This input is not compatible with TTL level. 



Reset 



RESET 



This input forces the MRU to be reset or initialized. 
Note: This input is not compatible with TTL level. 



Single Step SS 



This input is used in conjunction with ALE for single step 
operation. 



Interrupt INT 



This input is used to request an external interrupt. 



External 
Address 



When EA goes high while RESET is low, an external 
EA address (memory) can be used as the external program 

operation mode. 

This output is used as a strobe signal for an input of data 

Read RD from the data bus port (DB port). Also, it can be used as a 

read-enable signal when using an external data memory. 



Program 

Store 

Enable 



PSEN 



This output signal is generated at a fetch cycle in the 
external program operation mode. 

It is used as an enable signal for an external program 
memory. 



10 



Write 



WR 



This output is a strobe signal for a data output from the 
DB port. 

Also, it can be used as a write-enable signal for an external 
data memory. 



Address 

Latch 

Enable 



ALE 



This output signal is generated at the beginning of a fetch 
cycle both in the internal and external program memory 
operations. 

This output is used as a synchronizing signal with an 
external circuit and also, as a strobe signal for address 
outputs (Aq thru A7) of the DB port in the external program 
operation mode. 



12 

thru 

19 



Data Bus 
Port 



DBO 
thru 
DB7 



These pins are used as a bidirectional 8-bit input/output 
port (DB port). 

When an external memory is used as a program memory or 
data memory, this port is used as an address bus (Aq thru 
A7) or data input/output port, respectively. 



20 



Power 
Supply 



This pin Is used as the Ground (GND) terminal. 



21 

thru 

24 



Port 2 



P20 
thru 
P23 



These are the lower four bits of a quasi-bidirectional 
input/output port (P2 port) which are used as address 
outputs (As thru A-^) in a fetch cycle of the external 
program memory operation mode. When an expansion I/O 
instruction is executed, these are switched to an I/O 
expander bus for use with the MBL8243. 
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Pin Description 

(Continued) 



Pin No. Pin Name Symbol Function 



25 



Program 



PROG 



This output is used as a strobe signal for an I/O expander 
(MBL8243) when performing an expansion I/O instruction. 



26 



Power 
Supply 



This is used as the power supply terminal (+5V) for the 
built-in RAM. 



27 

thru 

34 

35 

thru 

38 



Port 1 



thru 
PI7 



This is a quasi-bidirectional input/output port (P1 port) 



Port 2 



P24 
thru 

P27 



These are the upper four bits of the quasi-bidirectional 
input/output port 2 (P2). 



39 



Sense 



This pin has the following functions according to the 
instruction given: 

1) Event Input for Event Counter 

2) Condition Input for Conditional Branch 



40 



Power 
Supply 



This is used as the power supply terminal (+5V). In stand-by 
operation mode this terminal is connected to GND. 



Functional Descriptions 
for Basic Blocks 



Block Name 



Function 



A master clock signal within a frequency range of 1MHz to 
6MHz is supplied from the built-in Clock Generator using an 
external crystal and capacitor network, or from an external 
signal source. 



Clock Generation Circuitry 



The frequency of the master clock is divided through the 
1/3 Frequency Divider to generate a state clock signal. 
Then, the frequency of the state clock is divided through the 
1/5 Frequency Divider to generate a final cycle clock signal. 



I/O Port 



Built-in ROM and RAM 



Program Counter 



The state clock can be transferred to the Tg terminal by an 
instruction. 

The cycle clock is used for internal operations and is also 
available on the ALE terminal. 



Three bidirectional or quasi-bidirectional 8-bit I/O ports and 
three input terminals are provided for signal inputs and 
outputs. 

Port (Bus Port) and the lower 4 bits of Port 2 shown in the 
Block Diagram are used for access to external memories or 
I/O expanders. 



In the MBL8049, programs are stored in the built-in ROM (2K 
Bytes). Also, the contents in the ROM can be used as data for 
some instructions. 

The built-in RAM (128 bytes) is used for general register 
area, stack area and working area. 

ROM is expandable up to a total of 4K Bytes with externally 
attached ROM by switching the memory bank. 

RAM is expandable by an additional 256 Bytes with 
externally attached RAM. 

MBL8039 does not have any built-in ROM. It uses external 
ROM for program storing. 



The program counter is an 1 1-bit register which indicates a 
fetch address of program memory and is incremented by 
every execution of an instruction. 
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Functional Descriptions 

for Basic Blocics Blocic Name 

(Continued) ' 



Function 



Instruction Register 



The Instruction Register is an 8-bit register which stores a 
fetched instruction in a fetch cycle. 



Instruction Decoder 



The Instruction Decoder decodes the instruction stored in 
the Instruction register and generates various control 
signals for both internal circuitry and external peripherals. 



Arithmetic Logic Unit (ALU) 



Various operations such as addition, subtraction, 
comparison, etc., are executed in the ALU. Operation to be 
executed is determined from the decoding of an instruction. 



Interval Timer/Event Counter 



Status Register Including 
Stack Pointer 



The Interval Timer/Event Counter is an 8-bit register which 
can be controlled by instruction execution. The interval 
timer mode or event counter mode can be designated by 
instruction execution, as well. 

This register is not initialized by the RESET signal. In the 
interval timer mode, the register can count up the 
frequency signal which is generated by dividing the cycle 
clock frequency by 32. 

When the source oscillation frequency is 6MHz, this 
enables the register to count a time interval of up to 
20.48ms with resolution of 80/ws. 

In this mode, the register generates an interrupt vector 
address (Address 07), if the register overflows from (FF)i6 
to (00)i6. 

Even if an overflow occurs, the register can continue to 
count up. This enables the register to count a longer time 
interval by using proper software. In the event counter 
mode, the register counts on the falling edge of the T-i 
input. 

In this mode, the features of the register other than the 
counting trigger are the same as those in the interval timer 
mode. 

Note: The T^ input pulse has a 500ns Min. pulse width and a 
7.5/ws Min. cycle time at 6MHz of source oscillation. 



The Status Register is an 8-bit register which consists of 
four bits for flags, three bits for the Stack Pointer and an 
unused bit. 

The flag bits indicate the status of the MPU. 

The Stack Pointer indicates with its three bits, an address in 
the stack area to be used in the next subroutine call or 
interrupt. 
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Resident Data Memory 
Map (RAM) 



Address 
(Hex) 


1 
2 
3 
4 
5 
6 
7 
8 
9 
/ 

SP-2 
SP-1 
SP 
16 
17 
18 
19 
1A 
IB 
1C 
ID 
IE 
IF 
20 
21 
22 
I 

7D 
7E 
7F 



CY 



Rq Register 



R-i Register 1 



R2 Register 2 



R3 Register 3 



R4 Register 4 



R5 Registers 



Re Register 6 



R7 Register 7 



PC, 



HC 



FO 



Rq Register 



Ri Register 1 



R2 Register 2 



R3 Register 3 



R4 Register 4 



R5 Registers 



Re Registers 



R7 Register 7 



Register Bank 



BS 



PCh 



Register Bank 1 



Working Area (96 Bytes) 



Stack Register 

(16 Bytes) 

(8 Level Stack) 



Status Register (PSW) 

The Status Register is an 8-bit 
register configured as shown in 
the following figure. The upper 
four bits are used for flags to 
indicate the status of the MPU, 
and when a sub-routine call or 
an interrupt occurs, the 
contents of the program 
counter is transferred to one 
of the 8 register pairs of the 
Stack Register as determined 
by the lower three bits of the 
Status Register. The remaining 
one bit is an unused bit. 



7 


6 


S 


4 


3 


2 


1 





CY 


HC 


Fo 


BS 


Blank 

(Unused 

Bit) 


SP2 


SPi 


SPo 


r-i^^ «^ 




-^ — Stack Pointer— ► 




1 ICJ 


y* 


" 



Flags 

CY (Carry): When an overflow 
occurs in the Accumulator 
during an operation in the 
ALU, "1" is set in this bit. 

HC (Half Carry): When an 
overflow occurs from Bit 3 to 
Bit 4 in the accumulator as a 
result of an addition, "1" is set 
in this bit. 



Fo(User Flag): This flag can be 
controlled as a user flag by the 
proper instruction. 

BS (Bank select): This flag can 
be controlled to select a 
Register Bank by an 
Instruction. When BS = 0, the 
Register Bank is selected. 
When BS = 1, the Register 
Bank 1 is selected. 
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Stack Register (8 Level 
Capability) 

The Stack Register occupies 
16-bytes of memory within the 
on-board RAIVI. It is configured 
into eight levels of two bytes 
each as shown in Figure 1. 

Stack Pointer (SP) 

In Figure 1., "SP" indicates the 
stack level to be used for the 
next sub-routine call or 
interrupt. The Stack Pointer 
generates one of eight 
address codes and resides in 
the lower three bits of the 
status register. 

SP = 00 00 1 SP2SP1SP0 

Program Counter (PC) 

In Figure 1., "PCp" indicates 
the individual bit contents of 
each of the Program Counter 
bits. 

Interrupt Operation 

There are two interrupt 
modes, external interrupts, 
and timer/counter interrupts. 

When either interrupt occurs, 
an interrupt flag is set and 
upon completion of the 
executing instruction the 
interrupt is processed. 

Interrupt processing is as 
follows: 

1. The contents of the Status 
Register and Program 
Counter are saved on the 
Stack. 

2. Program flow jumps to 
the address specified at 
address three (3) for external 
interrupts and address seven 
(7) for timer/counter interrupts. 



3. Completion of the interrupt 
processing occurs upon 
execution of the RETR 
(Return and Restore Status) 
instruction. 

4. The contents of 

the program counter and 
status register are restored 
from the stack, the interrupt 
flag is reset to be ready for the 
next interrupt, and program 
execution continues from 
where it left off. 

Timer/counter interrupts 
occur when the overflow flag 
is set as a result of an overflow 
from the Timer/Counter. 

External interrupts occur 
when a low level input is 
applied to the "INT" input. 

External interrupts have 
priority over Timer/Counter 
interrupts, so if both interrupts 
occur at the same time the 
external interrupt will be 
processed first. After com- 
pletion of the external 
interrupt and resetting of the 
interrupt flag the Timer/ 
Counter interrupt will be 
processed. 

instructions 

All instructions are either one 
or two bytes long and execute 
in one or two cycles. Address- 
ing modes are classified into 
direct, expanded, indirect, 
immediate and implied. 



Instruction Mode 
1) 1 Byte Instruction 

I ' I 

Implied Addressing Mode 



Register Indirect 
Addressing Mode 



Register Direct 
Addressing Mode 

2) 2 Byte Instruction 



f 



OP 



Immediate Addressing Mode 



f 



Expanded Addressing Mode 

f: Instruction Operation Set 

r: Register Set 

OP: Operand Data 

Ah, Al: Operand Address 



Figure 1. 

SP-3 
SP-2 
SP-1 

SP 
SP+1 



RAM 
Address 



7 


6 


5 


4 


3 


2 


1 





















PC7 


PCs 


PCs 


PC4 


PC3 


PC2 


PCi 


PCo 


CY 


HC 


Fo 


BS 


PC11 


PC10 


PCg 


PCs 



















































A Set of 2 Bytes 



This level will be used at the 

next sub-routine call or 

interrupt. 

Stack Position 

SP = 00001 SP2SP1SP0 
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Operation Flow Chart 



Flow Chart for Interrupt Operation 




INTERRUPT) 
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Instruction Set Summary 



Accumulator 
Operation 



Add register to A 
Add data memory to A 

Add immediate to A 
Add register with carry 
Add data memory with carry 

Add immediate to A with carry 
And register to A 
And data memory to A 

And immediate to A 

Clear A 
Complement A 

Decimal Adjust A 
Decrement A 

Increment A 





OP 


Mnemonic 


Code 


ADDA.a 


6X 


ADD A,@Ro 


60 


ADDA,@Ri 


61 


ADD A,#data 


03 


ADDC A.Rr 


7X 


ADDC A.@Ro 


70 


ADDC A,@Ri 


71 


ADDC A,#data 


13 


ANLA.Rr 


5X 


ANL A,@Ro 


50 


ANLA,@Ri 


51 


ANL A,#data 


53 


CLRA 


27 


CPLA 


37 


DA A 


57 


DEC A 


07 



Flag 



Byte Cycle CY HC Fq F^ Note 



Or register to A 


ORLA.Rr 


4X 


Or data memory to A 


ORL A,@Ro 


40 




ORLA,@Ri 


41 


Or immediate to A 


ORL A,#data 


43 


Rotate A left 


RLA 


E7 


Rotate A left with carry 


RLCA 


F7 


Rotate A right 


RRA 


77 


Rotate A right with carry 


RRCA 


67 


SWAP nibbles of A 


SWAP A 


47 


Exclusive Or register to A 


XRLA.R^ 


DX 


Exclusive Or data memory 
to A 


XRL A,@Ro 


DO 




XRLA.@Ri 


D1 


Exclusive Or immediate to A 


XRL A,#data 


D3 



(R,-) + (A) - (A) 
((Ro)) + (A) - (A) 
((Ri))MA)^(A) 
data + (A) - (A) 
(R,) + (A) + (C) - (A) 
((Ro)) + (A) + (C)-'(A) 
((Ri))MA)MC)-(A) 
data + (A) + (C) - (A) 
{R,)n(A)-(A) 
((Ro))n(A)-(A) 
((Ri))n(A)^(A) 
data n (A) - (A) 



- 0-(A) 

- (A) -(A) 

- Note(1) 

- (A) -1 ^ (A) 

- (A) + 1 ^ (A) 

- (R,)U(A)-(A) 

- ((Ro))U(A)-(A) 

- ((Ri)U(A)-(A) 

- data U (A) - (A) 




- - - - (A4.7) := (A0.3) 
_ _ _ _ (R,)©(A)-(A) 

_ _ _ _ ((Ro))©(A)^(A) 

- - - - ((Ri))©(A)-'(A) 

- — — — data©(A) - (A) 
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Instruction Set Summary 

(Continued) Input/Output 



OP 



Flag 



Operation 


Mnemonic 


Code 


Byte 


Cycle CY HC Fq 


_Fj_ 


Note 


And immediate to BUS 


ANL BUS,#data 


98 


2 


2 


— _ 


— 


— 


data n (BUS) - (BUS) 


Pi 


ANLPi,#data 


99 


2 


2 


— — 


— 


— 


datan(Pi)-(Pi) 


P2 


ANL P2,#data 


9A 


2 


2 


— — 


— 


— 


data n (P2) - (P2) 


And A to Expander Port 


ANLD Pp.A 


9X 


1 


2 


— — 


— 


— 


(A)n(Pp)^(Pp) 


Input BUS to A 


INSA.BUS 


08 


1 


2 


_ _ 


_ 


— 


(BUS) - (A) 


Port 1 to A 


IN A,Pi 


09 


1 


2 


— — 


— 


— 


(Pi) -(A) 


Port 2 to A 


IN A.Pg 


OA 


1 


2 


— — 


— 


— 


(P2) - (A) 


Input Expander port to A 


MOVDA.Pp 


OX 


1 


2 








(Pp) - (A)o_3 
0-(A)4_7 


Or immediate to BUS 


ORL BUS,#data 


88 


2 


2 





_ 


_ 


data U (BUS) - (BUS) 


Pi 


ORLPi,#data 


89 


2 


2 


— — 


— 


— 


data U (Pi) ^ (Pi) 


P2 


ORL Pg.tdata 


8A 


2 


2 


— — 


— 


— 


data U (P2) - (P2) 


Or A to Expander Port 


ORLD Pp.A 


ex 




2 


— — 


— 


— 


data U (Pp) - (Pp) 


Output A to BUS 


OUTL BUS,A 


02 




2 


— — 


— 


— 


(A) - (BUS) 


Pi 


OUTL Pi,A 


39 




2 


— — 


— 


— 


(A) -(Pi) 


P2 


OUTL P2,A 


3A 




2 


— — 


— 


— 


(A) - (P2) 


Output A to Expander Port 


MOVD Pp,A 


3X 




2 


— — 


— 


— 


(A) - (Pp) 


Data Moves 




OP 






Flag 








Operation 


Mnemonic 


Code 


Byte 


Cycle CY HC Fq 


^ 


Note 


l\/love register to A 


MOVA.R, 


FX 


1 


1 


— — 


— 


— 


(Rr) - (A) 


Move data memory to A 


MOV'A,@Ro 


FO 


1 


1 


— — 


— 


— 


((Ro)) - (A) 




MOV A,@Ri 


F1 


1 


1 


— — 


— 


— 


((Ri))^(A) 


Move immediate to A 


MOV A,#data 


23 


2 


2 


— — 


— 


— 


data - (A) 


Move A to register 


MOV RpA 


AX 


1 


1 


— — 


— 


— 


(A) - (Rr) 


Move A to data memory 


MOV @ Rq.A 


AO 


1 


1 


— — 


— 


— 


(A) - ((Ro)) 




MOV@Ri,A 


A1 


1 


1 


— — 


— 


— 


(A)-((Ri)) 


Move immediate to register 


MOV Rr,#data 


BX 


2 


2 


— — 


— 


— 


data - (R,) 


Move immediate 
to data memory 


MOV@Ro,#dataBO 


2 


2 


- - 


- 


- 


data - ((Ro)) 




M0V@Ri,#dataB1 


2 


2 


— — 


— 


— 


data-((Ri)) 


Move PSW to A 


MOV A.PSW 


07 




1 


— — 


— 


— 


(PSW) - (A) 


Move A to PSW 


MOV PSW.A 


D7 




1 


* 


* 


— 


(A) - (PSW) 


Move external data memory 
to A 


MOVX A,@Ro 


80 




2 


- - 


- 


- 


((Ro))^(A) 




MOVX A,@Ri 


81 




2 


— — 


— 


— 


((Ri))-(A) 


Move A to eternal 


















data memory 


MOVX @Ro,A 


90 




2 


_ _ 


— 


— 


(A) - ((Ro)) 




MOVX@Ri.A 


91 




2 


— — 


— 


— 


(A)-((Ri)) 


Move to A from current page 


MOVP A,@A 


A3 




2 


- - 


- 


- 


((A)) - (A) 


Move to A from page 3 


M0VP3 A,@A 


E3 




2 


- - 


- 


- 


((A)) within page 3 ^ (A) 


Exchange A and register 


XCH A,R, 


2X 




1 


- - 


- 


— 


(Rr) ^ (A) 


Exchange A and data memory XCH A,@Ro 


20 




1 


— — 


— 


— 


((Ro)) ^ (A) 




XCH A,@Ri 


21 




1 


- - 


- 


- 


((Ri))::(A) 


Exchange nibble of A 


XCHD A,@Ro 


30 




1 


— _ 


— 


_ 


((RO)o.3) r (A0.3) 


and data memory 


XCHD A,@Ri 


31 




1 


— — 


— 


— 


((Rl)o.3)r(Ao.3) 
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Instruction Set Summary 

(Continued) 



Registers 



Operation 



Decrement Register 



OP 



Flag 



Mnemonic Code Byte Cycle CY HC Fq F^ Note 



DECR, 



CX 



(Rr) - 1 - (Rr) 



FUJITSU 



Increment register 
Increment data memory 



INC Rr IX 

INC @Ro 10 

INC@Ri 11 



- (R,) + 1 - (R,) 

- ((Ro)) + 1^((Ro)) 

- ((Ri)) + 1 -((Ri)) 



Timer/Counter 



Operation 



Flag 



Mnemonic Code Byte Cycle CY HC Fq F^ Note 



Disable Timer/Counter 
Interrupt 



Enable Timer/Counter 
Interrupt 



EN TCNTI 



Read Timer/Counter 
Load Timer/Counter 



MOV A,T 
MOV T,A 



42 
62 



1 



(T) - (A) 
(A) - (T) 



Start Timer 
Start Counter 
Stop Timer/Counter 



STRTT 
STRT CNT 
STOP TCNT 



55 1 

45 1 

65 1 



Control 



Operation 



OP 



Flag 



Mnemonic Code Byte Cycle CY HC Fq F^ Note 



Disable external Interrupt 



Enable external Interrupt 
Enable Clock output on Tq 



EN I 
ENTn CLK 



05 
75 



No Operation 

Select register bank 
Select register bank 1 
Select memory bank 
Select memory bank 1 



SEL RBO 


05 


SELRB1 


D5 


SEL MBO 


E5 


SELMB1 


F5 



- (BS) 

1 ^ (BS) 

- (MBF) 

1 - (MBF) 
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Instruction Set Summary 

(Continued) Branch 



Operation 



OP 



Flag 



Mnamonic Code Byte Cycle CY HC Fq F^ Note 



Decrement register and test 


DJNZ R addr 


EX 


2 


2 


Jump unconditional 


JMPaddr 


%4 


2 


2 


Jump indirect 


JMPP@A 


B3 


1 


2 


Jump on Carry = 1 


JC addr 


F6 


2 


2 


Jump on Carry = 


JNC addr 


E6 


2 


2 


Jump on A zero 


JZ addr 


C6 


2 


2 


Jump on A not zero 


JNZaddr 


96 


2 


2 


Jump on Tg = 1 


JTO addr 


36 


2 


2 


Jump on Tg = 


JNTO addr 


26 


2 


2 


Jump on T^ = 1 


JT1 addr 


56 


2 


2 


Jump on T^ = 


JNT1 addr 


46 


2 


2 


Jump on Fq = 1 


JFO addr 


86 


2 


2 


Jump on F^ = 1 


JF1 addr 


76 


2 


2 


Jump on timer flag 


JTF addr 


16 


2 


2 


Jump on INT = 


JN1 


86 


2 


2 


Jump on accumulator bit 


J Br addr 


%2 


2 


2 



- (Rr) ^ Note (2) 

- Unconditional Branch 
_ Unconditional Branch 

Note (3) 

- (C) = 1 

- (C) = 

- (A)=0 

- (A)^0 

- (To) = 1 

- (To) = 

- (Ti) = 1 

- (Ti)=0 

- {Fo=1 

- (Fi) = 1 

- (Tn = 1 

- (INT) = 

- (A,) = 1 



Subroutine 



Flag 



Operation 


Mnemonic 


Code 


Byte 


Cycle CY HC Fq 


Fi Note 


Jump to subroutine 

Return 

Return and restore status 


CALL addr 

RET 
RETR 


%4 

83 
90 


2 

1 

1 


2 ... 


- Note (4) 

- Note (5) 

- Note (6) 


Flags 
Operation 


Mnemonic 


OP 
Code 


Byte 


Flag 
Cycle CY HC Fq 


F^ Note 


Clear carry 
Complement carry 
Clear Flag 
Complement Flag 
Clear Flag 1 
Complement Flag 1 


CLRC 
CPLC 
CLRFq 
CPLFq 
CLRFi 
CPLFi 


97 
A7 
85 
95 
A5 
B5 




1 1 N O 1 1 

i i 1 M 1 

N O 1 1 1 1 


- 0-(C) 

- (Q-IC) 

- O-(Fo) 

- {Fo)-(Fo) 
Z 0-(Fi) 
CP (Fi)-(Fi) 



Notes: 

Operation Code X: Tables-1, 2 %: Table 3 

Flag*: This flag is set or reset in the state after executed instruction. 

Z: This flag is reset. 

CP: This flag is complemented. 

1) The accumulator value is adjusted to form BCD digits 
following the binary addition of BCD numbers. 

2) DJNZ Rp addr; 
(R,) - 1 - (R,) 

if (Rr) # addr - (PCq to PC7) 
if (Rf) = execute next instruction 

3) JMPP @A 
((A))-(PCotoPC7) 

4) CALL addr 
(PCotoPC7)^((SP)) 
(SP) + 1 - (SP) 

(PCs to PC^i), (MBF). (PSW4 to PSW7) - ((SP)) 

(SP) + 1 - (SP) 

AL-(PCotoPC7) 

Ah - (PCg to PC10) 

MBF-(PCii) 



5) RET 

(SP) - 1 - (SP) 

((SP)oto(SP)3)^((PC)8to(PC)ii) 

(SP) - 1 - (SP) 

((SP)) - (PCo to PC7) 

6) RETR 

(SP) - 1 - (SP) 

((SP)oto(SP)3)-(PC8toPCii) 

((SP)4 to (SP)7) -* (PSW4 to PSW7) 

(SP) - 1 - (SP) 

((SP))^(PCotoPC7) 
Al: Lower 8 Bits of Address 
A^: Ag, A9, A10 of Address 
MBF: Memory Bank Flag 
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Instruction Set Summary 

(Continued) 



OP Code of Register Access (l^ble 1) 

Mnemonic Rr RO R1 R2 R3 R4 R5 R6 R7 



INCRr 


18 


19 


1A 


IB 


1C 


ID 


IE 


IF 


XCH A.Rr 


28 


29 


2A 


2B 


2C 


2D 


2E 


2F 


ORLA.Rr 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


ANLA.Rr 


58 


59 


5A 


5B 


5C 


5D 


5E 


5F 


ADD A,Rr 


68 


69 


6A 


6B 


6C 


6D 


6E 


6F 


ADDCA.Rr 


78 


79 


7A 


7B 


7C 


7D 


7E 


7F 


MOV Rr,A 


A8 


A9 


AA 


AB 


AC 


AD 


AE 


AF 


MOV Rr,#data 


B8 


B9 


BA 


BB 


BC 


BD 


BE 


BF 


DEC Rr 


C8 


C9 


CA 


CB 


CC 


CD 


CE 


CF 


XRLA.Rr 


D8 


D9 


DA 


DB 


DC 


DD 


DE 


DF 


DJNZ Rr,M 


E8 


E9 


EA 


EB 


EC 


ED 


EE 


EF 


MOVA.Rr 


F8 


F9 


FA 


FB 


FC 


FD 


FE 


FF 



OP Code of Expander (Table 2) 
Mnemonic PP P4 



P5 



P6 



P7 



MOVDA.Pp 


OC 


OD 


OE 


OF 


MOVD Pp.A 


3C 


3D 


3E 


3F 


ORLD Pp.A 


8C 


8D 


8E 


8F 


ANLD Pp,A 


9C 


9D 


9E 


9F 



OP Code of JMP, CALL, JB^ (Table 3) 

7 6 5 4 3 2 10 
JMP 

CALL 

JBr 

First Byte 



1 Ah 


1 1 1 1 1 1 1 


First Byte 


1 Ah 


1 1 1 1 1 1 1 1 


First Byte 


1 B, 


1 1 1 1 1 1 



7 6 5 4 3 2 1 



7 6 5 4 3 2 10 

\ \ \ \ \ I Pi I Pn 



7 


6 


5 4 3 2 1 





1 A, 1 


Second Byte 


1 Al 1 


Second Byte 


1 A, 1 



Al; Address Ay to Aq 
J Ah; Address Aio, Ag, As 
Bri r-th Bit on 
Accumulator 



Second Byte 
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Instruction Codes 



\ 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 





NOP 


HALT 


OUTL 
BSU.A 


ADD 

A, # 


JMP 
Ox X 


EN 
1 




DEC 
A 


INS 
A, BUS 


IN 
A, PI 


IN 
A,P2 




MOVD 
A,P4 


MOVD 
A,P5 


MOVD 
A,P6 


MOVD 
A,P7 


1 


INC 
@R0 


INC 
@R1 


"1 
J BO 
addr 


1 
ADDC 

A # 


CALL 
Oxx 


DIS 
1 


1 
JTF 
addr 


INC 
A 


INC 
RO 


INC 
R1 


INC 

n2 


INC 
RC 


INC 
R4 


INC 
R5 


INC 
R6 


INC 
R7 


2 


XCH 
A,@RO 


XCH 
A.@R1 




MOV 

A,# 


JMP 

1 X X 


EN 
TCNT1 


JNTO 
addr 


CLR 
A 


XCH 
A.RO 


XCH 
A,R1 


XCH 
A,R2 


XCH 
A,R3 


XCH 
A,R4 


XCH 
A,R5 


XCH 
A,R6 


XCH 
A,R7 


3 


XCHD 
A,@RO 


XCHD 
A,@R1 


1 
JB1 
addr 




CALL 

1 X X 


DIS 
TCNT1 


JTO 
addr 


CPL 
A 




r 

OUTL 
P1,A 


r 

OUTL 
P2.A 




r 

MOVD 
P4.A 


r 

MOVD 
P5,A 


MOVD 
P6,A 


r 

MOVD 
P7,A 


4 


ORL 
A,@RO 


ORL 
A,@R1 


MOV 
A,T 


ORL 

A.# 


JMP 
2xx 


STRT 
CNT 


1 
JNT1 
addr 


SWAP 
A 


ORL 
A,RO 


ORL 
A.RI 


ORL 
A,R2 


ORL 
A,R3 


ORL 
A,R4 


ORL 
A,R5 


ORL 
A,R6 


ORL 
A,R7 


5 


ANL 
A,@RO 


ANL 
A,@R1 


1 
JB2 
addr 


ANL 

A,# 


CALL 
2xx 


STRT 
T 


JT1 
addr 


DA 
A 


ANL 
A,RO 


ANL 
A,R1 


ANL 
A,R2 


ANL 
A,R3 


ANL 
A,R4 


ANL 
A,R5 


ANL 
A,R6 


ANL 
A,R7 


6 


ADD 
A,@RO 


ADD 
A,@R1 


MOV 
T.A 




JMP 
3xx 


STOP 
TCNT 




RRC 
A 


ADD 
A,RO 


ADD 
A,R1 


ADD 
A,R2 


ADD 
A,R3 


ADD 
A,R4 


ADD 
A,R5 


ADD 
A,R6 


ADD 
A,R7 


7 


ADDC 
A,@RO 


ADDC 
A,@R1 


JB3 
addr 




CALL 
3xx 


ENTO 
CLK 


1 
JF1 
addr 


RR 
A 


ADDC 
A,RO 


ADDC 
A,R1 


ADDC 
A,R2 


ADDC 
A,R3 


ADDC 
A,R4 


ADDC 
A,R5 


ADDC 
A,R6 


ADDC 
A,R7 


8 


f 
MOVX 
A,@RO 


MOVX 
A,@R1 




r 

RET 


JMP 
4 X x 


CLR 
FO 


1 
JN1 
addr 




ORL 
BUS,# 


ORL 

P1,# 


ORL 

P2,# 




r 

ORLD 
P4.A 


r 

ORLD 
P5,A 


ORLD 
P6,A 


ORLD 
P7A 


9 


MOVX 
@RO,A 


MOVX 
@R1,A 


1 
JB4 
addr 


r 

RETR 


CALL 
4 X X 


CPL 
FO 


1 
JNZ 
addr 


CLR 

c 


1 

ANL 
BUS,# 


ANL 
P1.# 


1 
ANL 
P2. # 




f 
ANLD 
P4,A 


ANLD 
P5,A 


ANLD 
P6,A 


r 

ANLD 
P7,A 


A 


MOV 
@RO,A 


MOV 
@R1,A 




MOVP 
A,@A 


JMP 
5xx 


CLR 
F1 




CPL 
C 


MOV 
RO,A 


MOV 
R1,A 


MOV 
R2,A 


MOV 
R3,A 


MOV 
R4,A 


MOV 
R5,A 


MOV 
R6,A 


MOV 
R7A 


B 


MOV 
@R0,# 


MOV 

@R1,# 


JB5 

addr 


r 

JMPP 
@A 


CALL 
5xx 


CPL 
F1 


JFO 
addr 




1 
MOV 
R0# 


MOV 
R1# 


MOV 
R2# 


MOV 
R3# 


MOV 
R4# 


MOV 
R5# 


MOV 

R6# 


MOV 
R7# 


C 










JMP 
6xx 


SEL 
RBO 


1 
JZ 
addr 


MOV 
A.PSW 


DEC 

RO 


DEC 
R1 


DEC 
R2 


DEC 
R3 


DEC 
R4 


DEC 

R5 


DEC 
R6 


DEC 
R7 


D 


XRL 
A,@RO 


XRL 
A,@R1 


JB6 
addr 


XRL 

A# 


CALL 
6xx 


SEL 
RBI 




MOV 
PSW.A 


XRL 
A,RO 


XRL 
A,R1 


XRL 
A,R2 


XRL 
A,R3 


XRL 
A,R4 


XRL 
A,R5 


XRL 
A,R6 


XRL 
A,R7 


E 








r 

MOVP3 
A,@A 


JMP 
7xx 


SEL 
MBO 


JNC 

addr 


RL 
A 


DJNZ 
RO,M 


1 
DJNZ 
R1,M 


DJNZ 
R2,M 


DJNZ 
R3,M 


DJNZ 
R4,M 


DJNZ 
R5,M 


DJNZ 
R6,M 


DJNZ 
R7M 


F 


MOV 
A,@RO 


MOV 
A,@R1 


JB7 
addr 




CALL 
7xx 


SEL 
MB1 


JC 
addr 


RLC 
A 


MOV 
A,RO 


MOV 
A,R1 


MOV 
A,R2 


MOV 
A,R3 


MOV 
A,R4 


MOV 
A,R5 


MOV 
A,R6 


MOV 
A,R7 



#: Immediate data 
H; Higher 4 bits 
L; Lower 4 bits 



Single-byte, Single-cycle 
Instruction 



Single-byte, Two-cycle 
Instruction 



Two-byte, Two-cycle 
Instruction 
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Typical 
Applications 



(1) Stand Alone System 



+3V 



XTAL1 
XTAL2 



To 
Ti 
INT 



T 



DBO 

( 
DB7 

P10 

I 
P17 

P20 

/ 

P27 



< 



< 



>^ 



>. 



< 



>' 



EXAMPLE 
OSC XTAL = 1 to 6MHz 

Ci, C2 = 20pF 
Reset C3 = IjLiF 



(2) Expanded System 



EXPANSION ROM 
EXPANSION RAM 




EXPANSION 
ROM 
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Absolute Maximum 
Ratingst 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc. 


Vdd 


-0.3 to +7.0 


V 


Input Voltage 


V,N 




-0.3 to +7.0 


V 


Operating Temperature 


Ta 




to +70 


°c 


Storage Temperature 


Tstg 




-55 to +150 


°c 


Power Dissipation 


Pd 




1.5 


w 



fPermanent device damage may occur if the ABSOLUTE MAXIMUM RATINGS are exceeded. Functional 
operation should be restricted to the conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliabilty. 



Recommended Operating 
Conditions 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc. Vdd 


+5.0 ±10% 


V 


Vss 





V 


Operating Temperature 


Ta 


to +70 


°c 



DC Characteristics 

(TA = 0°Cto+70°C, Vcc = 
= 5.0V±10%, Vss = OV) 



Test 



Value 



Parameter 


Symbol 


Conditions 


IMin. 


Max. 


Unit 


Input Low Voltage 


All Except XTAL1, 2. ,, 
RESET ^'L 




-0.3 


0.8 


V 




XTAL1,2, RESET V,li 




-0.3 


0.6 


V 


Input High Voltage 


All Except XTAL1. 2. ,, 
RESET ^IH 




2.0 


Vcc 


V 




XTAL1,2, RESET V|hi 




3.8 


Vcc 


V 



BUS 



loL = 2.0mA 



Output Low Voltage 



RD, WR, PSEN, ALE Vq^ 



Iql = 2.0mA 



PROG 



\r 



: 1.0mA 



0.45 



0.45 



0.45 





Other outputs 


V0L3 


loL = 1.6mA 




0.45 


V 




BUS 


VoH 


loH = -400/wA 


2.4 




V 


Output High Voltage 


RD, WR, PSEN, ALE 


V0H1 


loH = -100/yA 


2.4 




V 




Other Outputs 


VoH2 


loH = -50a<A 


2.4 




V 


Input Leakage 
Current 


Ti, INT 


l|L 


Vss<V,N<Vcc 




±10 


/iA 


P10-P17, P20-P27 
EA, SS 


l|L1 


Vss + 0.45V< 

VlN^Vcc 




-500 


y"A 


Output Leakage 
Current 


BUS, To (High- 
Impedance) 


Iql 


Vss + 0.45V< 

V.N^Vcc 




±10 


yuA 


Vdd Supply Current 


MBL8049/39N/E 
MBL8049/39H 


IbD 






30 


mA 






50 


mA 


Total Supply Current 


MBL8049/39N/E 
MBL8049/39H 


Idd+ 'cc 






150 


mA 






170 


mA 
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AC Characteristics* 

(TA = 0^Cto+70°C, Vcc = 
= 5.0V ±10%, Vss = OV 



H-Version 



[-Version N-Version 



Parameter 


Symbol 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Unit 


ALE Pulse Width 


tLL 


150 




260 




410 




ns 


Address Setup Time (to ALEi) 


tAL 


70 




140 




230 




ns 


Address Hold Time (from ALEi) 


tLA 


50 




80 




120 




ns 


Control Pulse Width (RD, WR) 


tcci 


480 




730 




1050 




ns 


Control Pulse Width (PSEN) 


tcC2 


350 




550 




800 




ns 


Data Setup Time (before WRt) 


tow 


390 




610 




880 




ns 


Data Hold Time (after WRt)** 


%D 


40 




80 




120 




ns 


Data Hold Time 
(after RDt, PSEN!) 


^DR 





110 





160 





220 


ns 


Data Delayed Time 
(RDi to data in) 


^RDI 




350 




550 




800 


ns 


Data Delayed Time 
(PSENitodata in) 


tRD2 




210 




360 




550 


ns 


Address Setup Time (to WRi) 


Uw 


310 




480 




680 




ns 


Address Setup Time 
(RD, to data in) 


Udi 




760 




1130 




1590 


ns 


Address Setup Time 
(PSEN, to data in) 


tAD2 




480 




750 




1090 


ns 


Address Floating Time 
(toRDl, WRi) 


Ufci 


140 




210 




290 




ns 


Address Floating Time 
(to PSENi) 


tAFC2 


10 




20 




40 




ns 


RD, WR Output Time (from ALEi) tLAPCi 


200 




300 




420 




ns 


PSEN Output Time (from ALEi) 


tLAFC2 


60 




110 




170 




ns 


ALE Output Time 
(from RDt, WRI, PROG!) 


tcAl 


50 




80 




120 




ns 


ALE Output Time (from PSENt) 


tcA2 


320 




460 




620 




ns 


Port Control Setup Before 
Falling Edge of PROG Time 


tcp 


100 




170 




250 




ns 


Port Control Hold After 
Falling Edge of PROG Time 


tpc 


160 




300 




460 




ns 


PROG Time P2 Input 
Must Be Valid 


tpR 




700 




1000 




1380 


ns 


P2 Input Data Hold Time 
(after PROG t) 


tpF 





140 





190 





250 


ns 


Output Data Setup Time 
(to PROGt) 


^DP 


400 




600 




850 




ns 


Output Data Hold Time 
(after PROGt) 


tpD 


90 




130 




200 




ns 


PROG Pulse Width 


tpp 


700 




1060 




1500 




ns 


Port2 I/O Data Setup Time 
(toALEt) 


tpL 


160 




300 




460 




ns 


Port2 I/O Data Hold Time 
(from ALEt) 


tLP 


40 




60 




80 




ns 


Port Data Output Time 
(from ALEi) 


tpv 




510 




660 




850 


ns 


Cycle Time*** 


tcY 


1.36 




1.875 




2.5 




/ys 


To Output Cycle Time 


^OPRR 


270 




370 




500 




ns 



*: 6MHz XTAL (N-Verslon), 8MHz XTAL (E-Version), 11MHz XTAL (H-Version) Load Conditions: BUS: Cl = 

150pF; Other Outputs Cl = 80pF. 

**: Load Conditions Cl = 20pF High Impedance 

***: tcY = 2.5/us (6MHz XTAL N-Version), X^y = 1.875/us (BIVIHz XTAL E-Version), X^y = ^.36^JS (11MHz XTAL 

H-Version) 



FUJITSU 



2-38 



MBL8049N/E/H 
MBL8039N/E/H 



Timing Diagram 



Instruction Fetch From External Program Memory 



BUS FLOATING 



) { ADDRESS ] ( 



- tRD2 ^ 



j MNStRUCTION^ f 



"L 



FUJITSU 



Read From External Data Memory 



ALE 


_l 


L 










r 


1 




r 










I"* 








■" 


RD 










tAFC1 


. . 




tDB 








1 — 










BUS 


FLOATING J 


^ ADDRESS 


( FLOATING 


) 


^ DATA V FLOATING 




















- 





Write To External Data Memory 

ALE 



-J h — *< 



1_ 



-tAW ► 



BUS FLOATING X ADDRESS 



X 



A "" X 
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Timing Diagram 

(Continued) 



P20-23 Input/Output For Use Of External Program Memory And Expander I/O Port 

n 



J 



zx 



r 



1 



-^ tpL » — ^ tcp k* tpc M >- tpD ^ 

y PORT DATA )[ coSfSoL jji OUTPUT DATA ^ 

1^ tpR ^ ^ tpF .i« 



T r 



XEEEXISlIXIZZ)C^ [ 



FUJITSU 



Port 1/Port 2 Outputs 

- J — L_ 



Z)C 



1 r 



P24-27 
P10-17 



NEW PORT DATA 



yE 



NEW PORT DATA 



Clock Outputs 



To 
ALE 

PSEN 

RD 
WR 

PROG 



SI 

-TL 


S2 

-TL 


S3 

-Jl 


S4 

-TL 


S5 

-TL 


SI 

-TL 


S2 


S3 

-TL 


S4 


S5 


_ 


II 


1 


1 


1 


























































"1 
























1 
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Package Dimensions 

Dimensions in inches 
(millimeters) 

40-Lead Ceramic 

(Metal Seal) 

Dual In-Line Package 

(Case No.: DiP-40C-A01) 



R.050(1.27) 
REF. 



-^ 



C= 



.585(14.86) 
.605(15.38) 

.590( 

.610(15.49) 



J- 



060(1. 52)MAX 



■ 090(2.29) _^ ^ .036(0.91) ^ .015(0.38) 

1.110(2.79) "** '".055(1.40) ~^' .023(0.58) 



1.900(48.26)REF 



1. .177(4.50)MAX 



.040(1.02) 
.060(1.53) 



40.Lead Plastic 

Dual In-Line Package 

(Case No.: DIP.40P-iyi01) 



©1986 FUJITSU LIMITED D40006S-1C 



nnnnnnnnnnnnnnnnnnnn 



^^ 




(EJECTOR MARK) 



uuuuuuuuuuuuuuuuuuuu 

2.045(51.95) 




-.090(2.29) MAX 




-.100(2.54)TYP. 
©1985 FUJITSU LIMITED D40005S-1C 



.021(0.54) 



195(4.96)MAX 



118(3.00)MIN 



Oscillation Circuits 



Crystal Oscillator 



External Clock Drive 



r~r 



J, 



20pF* 



f 



1 



MBL8049 
MBL8039 



* Including stray capacitances 



2-41 



External 
Clock* 



^-O 




♦Both high and low times should 
be more than 35% of the cycle 
time, and rise and fall times 
should be less than 20 ns. 



FUJITSU 



NMOS 

SINGLE-CHIP 8-BIT 
MICROCOMPUTER 



MBL8749H/N 



October 1 986 
Edition 1 .0 



DESCRIPTION 

The Fujitsu MBL8749 is an 8-bit singie-ciiip microcomputer that uses a 2K x 8-bit 
ElectriGally Programmable Read Only Memory (EPROM) for program memory. 
The EPROM can be erased by using an ultraviolet (UV) light source; thus, 
program memory for the MBL8749 can be changed as often as required. Also 
included in the MBL8749 are: 256 x 8-bit static RAM, 27 I/O lines, an 8-bit 
timer/counter, and a clock generator. The device can be ordered in either of two 
speed versions: N-version for operation at 6MHz and the H-version for operation 
at 1 1 MHz. For either frequency, the operating temperature range is 0°C to 70°C. 

The MBL8749 is fabricated using an N-channel, 2-layer polysilicon-gate MOS 
process. The MBL8749 is housed in a 40-pin ceramic windowed DIP and requires 
a single +5-volt supply for basic operation and a 21-volt supply for programming 
the EPROM. 

The MBL8749 is well suited for applications such as system evaluation, system 
prototyping, and low-volume production work. 

FEATURES 

• 2K X 8-bit program memory (EPROM) 

• 256 X 8-bit data memory (static RAM) 

• 8-level stack 

• 8 pairs of working registers 

• 27 I/O lines: Two 8-bit I/O ports, one 8-bit data bus, two test 
inputs, and one interrupt input 

• 8-bit timer/counter 

• On-chip clock generator (or external clock source) 

• Single-level interrupt 

• External program mode 

• Single-step operation 

• RAM retention in low-power standby mode 

• ALU functions: Addition, decimal adjust addition, and logic 
operations 

• Instruction cycle time: 1 .36|Lts for H-version (1 1 MHz) and 2.5jlis 
for N-Verslon (6MHz) 

• Powerful instruction set: 96 instructions (230 op-codes). All 
instructions complete in one or two Instruction cycles with 70% 
being of the single-byte type 

• Some instructions can process ROM contents as data 




Ceramic DIP 
(DIP-40C-A04) 



PIN ASSIGNMENT 


TOC 


T^^r-:; 


=] Vcc 


XTAL1 CZ 


2 39 


Z1T1 


XTAL2 CZ 


3 38 


ZlP2r 


♦RESET CZ 


4 37 


ZIP26* 


•sscz 


5 36 


Z1P25* 


intC 


6 35 


Z1P24* 


eaCZ 


7 34 


Z]P17* 


RDCI 


8 33 


Z1P16* 


psenC 


9 32 


=IP15* 


WR IZ 


10 31 


ZIP14* 


ALEC 


11 30 


DP13* 


DBO CI 


12 29 


Z]P12* 


DB1 (Z 


13 28 


ZIP11* 


DB2LZ 


14 27 


H P10* 


DB3CI 


15 26 


ZIVdd 


DB4 C 


16 25 


Z] PROG 


DBS C 


17 24 


Zl P23* 


DB6 (Z 


18 23 


Zl P22* 


DB7 C 


19 22 


ZlP2r 


VssC 


20 21 


Z] P20* 


*These 




uliups. 



This device contains circuitry to protect tiie inputs against 
damage due to higti static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 



Portions reprinted by permission of Intel Corporation, Copyright© 1986 Intel Corporation. Compilation and additional materials Copyright© 1986 by Fujitsu Limited, Tokyo, Japan, and Fujitsu 
Microelectronics, Inc., Santa Clara, California. U.S.A. Fujitsu Limited is a licensee of Intel Corporation and authorized to produce alternate source products. 
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Features (Cont) 

• I/O port data can be handled directly in logic operations 

• Binary coded decimal (BCD) data can be handled 

• Single +5V power supply 

• 0°C to 70°C operating temperature range 

• N-channel, 2-layer polysilicon-gate MOS process 

• 40-pin ceramic DIP package 

• Compatible with Intel 8749 

• Replaceable with Fujitsu MBL8049/48 and Intel 8049/8048 

PIN DESCRIPTIONS 



Pin No. 


Symbol 


Function 


1 


TO 


Test Input 0: Input for conditional branch instructions JTO and JNTO. Clock output when an 
ENTO CLK instruction is executed. 


2 


XTAL1 


Connections for external crystal. If an external TTL clock source is used, proper interface circuits 
are required between the clock source and XTAL1/XTAL2, since these inputs are not TTL 
compatible. Generally an open-collector drive and a squarewave pulse shaper will suffice. 


3 


XTAL2 


4 




When active low, resets MRU and initializes processor as follows: 

• Clears program counter and stack pointer. 

• Selects memory bank and register bank 0. 

• Disables TO output. 

• Places bus in the high-impedance state and ports 1 and 2 in the input mode. 

• Disables interrupts and stops the timer/counter. 

• Clears timer and user flags FO and F1. 


RESET 


5 


SS 


Input for single step operation. When SS is pulsed and goes low, the MRU executes the current 
instruction and stops. The next instruction address is fetched and placed in the four low-order 
bits of port 2 and the bus port. When SS is pulsed high, the single-step operation is repeated so 
long as SS is repetitively driven low, high, low, high, etc. When SS is permanently set to the high 
state, normal operation resumes. 


6 


INT 


When active low, initiates an external interrupt request. 

The INT input signal must remain low until the interrupt request is latched. This pin also serves as 
an input for a conditional branch instruction (JNI). 


7 


EA 


All program memory accesses are directed to an external program memory when EA is high. At 
this time, the Program Store Enable (PSEN) strobe is also output to external program memory. 


8 


RD 


The read strobe (RD) is active (Low) when data is read from the bus port. This strobe output 
signal enables data onto the bus port from external devices including external data memory. The 
RD strobe is output when either an INS A, BUS or MOVX A (SRr instruction is executed. 


9 






PSEN 


The Program Store Enable (PSEN) strobe is output to external program memory each time the 
memory is accessed. 

This external program memory enable signal is generated in the instruction fetch cycle and the 
instruction is fetched on the rising edge of this signal. 
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PIN DESCRIPTIONS (continued) 



Pin No. 


Designator 


Function 


10 


WR 


When active low, the write (WR) strobe enables data to pass from the data bus port to external I/O 
devices, including external memory. The WR strobe is active when executing an "OUTL BUS, A" 
or a "MOVX@Rr, A" instruction. 


11 


ALE 


Clock signal (ALE) output generated In each instruction cycle. This signal is used for external 
synchronization with the MPU. The address signal to the external program memory or external 
data memory is latched at the falling edge of the ALE signal. This signal is output except during 
single-step operations. 


12 
to 
19 


DBO 

to 

DB7 


A bidirectional I/O port called the bus port (Port 0) . Strobe signals RD and WR are output on data 
input or output. This port can also be used for latch output or as the interface to the external 
program memory or external data memory. When the external program memory is accessed, the 
address signal (the low-order 8 bits) is output synchronously with the ALE signal and the 
instruction is fetched from the specified address synchronously with the PSEN signal. When 
external data memory is accessed, the address signal is output synchronously with the ALE 
signal and data is read or written synchronously with the RD or WR signal. When data is not being 
input or output, the bus port is in a high-impedance state. 


20 


Vss 


Ground terminal (GND) 


21 
to 
24 


P20 

to 

P23 


A pseudo-bidirectional I/O port. All bits must beset to 1 before the port is used for input. The four 
low-order bits (P20 to P23) function as the interface to the I/O expander (MBL8243) or serve as 
an output for the address signal (four high-order bits) when the external program memory is 
used. The port data is lost on access to the I/O expander and retained when the external program 
memory is accessed; it is recovered when no address data is output. 


35 
to 
38 


P24 

to 

P27 


25 


PROG 


Strobe signal (PROG) output to the I/O expander. This signal is also used as an input strobe to 
program the internal EPROM. 


26 


Vdd 


Power supply to the internal RAM and EPROM. 


27 
to 
34 


P10 

to 

P17 


An 8-bit pseudo-bidirectional I/O port. All bits must be set high before the port is used for input. 

■ 


39 


T1 


Input for conditional branch instructions JT1 and JNT1; also serves as event input when event 
counter mode is selected. The event counter is incremented on the falling edge of this input 
signal. 


40 


Vcc 


+5-volt power supply 
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BLOCK DIAGRAM 



BUS PORT 

(PORT 0) 

BUS BUFFER 



^v <v 



PORT LATCH 



PC-TEMP 

REGISTER 

(8 LOW-ORDER 

BITS) 



7T 



<z iz. 



11 TT 



PORT1 LATCH 



I PORT 2 LATCH 



sz. 



PC TEMP 
REGISTER 
(4 HIGH- 
ORDER BITS) 



^ 



INTERNAL EPROM 

(PROGRAM MEMORY) 

OF 2K X 8 BITS 



PROGRAM 
COUNTER 
(11 BITS) 



MEMORY 
BANK 
(MBF) 



7> 



iz. 



FREQUENCY 
DIVIDER 
(-^480) 



PROGRAM 
STATUS 
WORD 
(PSW) 



iz. 



<> 



IZ. 



ACCUMULATOR 



11 



^ 



ARITHMETIC 
LOGIC 
UNIT 
(ALU) 



22. 



¥ 



T> 



I 



Vdd 
Vcc 



INT RESET PROG EA XTAL1 XTAL2 ALE PSEN SS RD WR 

rrTTTJTTTTT 



0=0 



BRANCH 

CONDITION 

LOGIC 



i^ 



U 



" P 



Q CQ 



i| 



-INT 
- FLAGO 
- FLAG1 

- TIMER FLAG 

- CARRY 

- ACC 

; ACC BIT TEST 



8 

< 


o 


REGISTER RO 


REGISTER 1 R1 


REGISTER 2 R2 


REGISTER 3 R3 


REGISTER 4 R4 


REGISTER 5 R5 


REGISTER 6 R6 


REGISTER 7 R7 


B-LEVEL STACK 1 
(16 BYTES) 1 


1 


RO 


R1 


R2 


R3 


R4 


R5 


R6 


R7 





RAM: 256 x 8 BITS 



PIN NUMBERS ARE SHOWN PARENTHETICALLY. 
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FUNCTIONAL DESCRIPTION 



Block Name 


Function 


Clock Generation 
Circuitry 


Using a capacitor, a crystal, or an external clock source, the on-chip clock generator produces a 
master clock within a frequency range of 1-to-6 MHz for N-version parts and 11 MHz for H- 
version parts. The master clock frequency is divided by three to produce a state clock signal 
which, in turn, is divided by five to produce a cycle clock signal. The cycle clock is used for all 
internal operations and is available on the ALE pin. When an ENTO CLK instruction is executed, 
the state clock is output on the TO pin. 


I/O Port 


Three bidirectional or quasi-bidirectional 8-bit I/O ports and three input terminals are provided 
for signal inputs and outputs. 

Port (Bus Port) and the lower 4 bits of Port 2 shown in the Block Diagram are used for access to 
external memories or I/O expanders. 


On-chip ROIVI and RAM 


Programs are stored in the on-chip EPROM (2K bytes). Also, the contents of ROM can be used 
as data for some instructions. 

The on-chip RAM (256 bytes) is used for general-purpose registers, the 16-byte stack, and 
scratch-pad memory (refer to RAM memory map that follows). 

ROM can be expanded up to 4K bytes by memory addons and by switching memory banks; RAM 
can be expanded an additional 256 bytes by simple addons. A standalone system and one 
designed for memory addons are shown following the "Functional Description." 


Program Counter 


The program counter is a 12-bit register that holds the address in program memory from which 
the next instruction is to be fetched and is incremented by every execution of an instruction. 


Instruction Register 


The Instruction Register is an 8-bit register that holds the next instruction to be executed. 


Instruction Decoder 


The Instruction Decoder decodes the instruction stored in the Instruction Register and generates 
various control signals for both internal circuits and external peripherals. 


Arithmetic Logic Unit 
(ALU) 


Various operations such as addition, subtraction, comparison, etc. are executed in the ALU. 
Operations to be executed are determined from the instruction decoding process. 


Interval Timer/ 
Event Counter 


The Interval Timer/Event Counter is an 8-bit register under instruction control. The interval timer 
mode or event counter mode can be designated by instruction execution, as well. This register is 
not initialized by the RESET signal. In the interval timer mode, the register counts up the 
frequency signal which is generated by dividing the cycle clock frequency by 32. 

When the source frequency is 6MHz, this enables the register to count a time interval of up to 
20.48ms with a resolution of 80yws. 

In this mode, the register generates an interrupt vector address (Address 07), if the register 
overflows from (FF)i6 to (00)i6. 

Even if an ovef low occurs, the register continues to count up. This enables the register to count a 
longer time interval by using proper software. 

In the event counter mode, the register counts on the falling edge of the T^ input. 

In this mode, the features of the register other than the counting trigger are the same as those in 
the interval timer mode. (Note. TheTi input pulse has a minimum width of 500-nanoseconds and, 
at 6MHz, a minimum cycle time of 7.5-microseconds.) 


Status Register 
Including 
Stack Pointer 


The Status Register is an 8-bit register which consists of four bits for flags, three bits for the Stack 
Pointer, and an unused bit. 

The flag bits indicate the status of the MPU. 

The Stack Pointer specifies an address in the stack to be used in the next subroutine call or 
interrupt. 
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STANDALONE SYSTEM 



Ci 

U 

--HhJ ^ 



DBo 
DBr 



P17 



P2o 
P27 



To 
Ti 
INT 



Vss ALE 



Example: OSC XTAL 1 TO 6MHz 
Ci,C2 = 20pF 
RESET C3 = IfJP 
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EXPANDED SYSTEM 



JT 
a 



Vdd Vcc 



To 
Ti 
INT 



T 



PSEN 
WR 



DBo 

I 
DB7 



P2o 

I 
P23 



PI7 
P24 






c 



-^ EXPANSION ROM 
I EXPANSION RAM 



STB 

> ADDRESS \ 
(Ar-Ao) 

JV "^ADDRESS I 

> DATA ► 



EXPANSION RAM 



IZ 



>■ 



► EXPANSION ROM 



ADDRESS 
(Aii~A8) 



X- 



J\ 



>' 



>■ 
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RESIDENT DATA MEMORY MAP (RAM) 

Address 
(Hex) 



1 

2 

3 

4 

5 

6 

7 

8 

9 



16 
17 
18 
19 
1A 
IB 
1C 
ID 
IE 
IF 
20 
21 
22 



FD 
FE 
FF 



Ro Register 


Register Bank 




Ri Register 1 




R2 Register 2 




R3 Register 3 




R4 Register 4 




R5 Register 5 




Rg Register 6 




R7 Register 7 








PCl 


CY HC FO BS PCh 




Rq Register 


Register Bank 1 




R-i Register 1 




R2 Register 2 




R3 Register 3 




R4 Register 4 




R5 Register 5 




Re Register 6 




R7 Register 7 






Working Area (224 Bytes) 





Stack Register 

(16 Bytes) 

(8 Level Stack) 



^ 
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STATUS REGISTER 

The Status Register is an 8-bit register that holds the Program 
Status Word (PSW). The register is configured as shown. The 
upper four bits are used for flags to indicate the status of the 
MRU. When a subroutine call or an interrupt occurs, the 
contents of the program counter are transferred to one of the 8 
register pairs of the Stack Register as determined by the lower 
three bits of the Status Register. The remaining bit is unused. 



7 


6 


5 


4 


3 


2 


1 













Blank 








CY 


HC 


Fo 


BS 


(Un- 
used 
Bit) 


SP2 


SPi 


SPo 
















Fla 


gs 




Sta 


ck Poir 


t. 1 



FLAGS 

CY (Carry): When an overflow occurs in the Accumulator during 
an ALU operation, this bit is set to "1". 

HC (Half Carry): When an overflow occurs from Bit 3 to Bit 4 in 
the accumulator as a result of an addition, this bit is set to "1". 

Fq (User Flag): This flag is instruction-controlled by the user. 

BS (Bank Select): This flag is used for register-bank identifi- 
cation. When BS = 0, Register Bank is selected; when BS = 1, 
Register Bank 1 is selected. 

STACK REGISTER 

The Stack Register uses 16 bytes of memory in the on-chip RAM. 
The Stack Register consists of eight levels, that is, a stack level 
consists of two bytes as shown. 



address in the stack pointer that will be used for the next 
subroutine call or interrupt. "SP" is given as an 8-bit code from 
the lower three bits of the status register as follows: 

SP = 00001 SP2SP1SP0, 

L^Status Register bits to 2. 

PCn (Program Counter): In the above figure, "PCp" indicates 
the content of the n*'^ bit in the Program Counter. 

INTERRUPT OPERATION 

There are two modes for interrupt operation: external inter- 
rupts and timer/counter interrupts. A timer/counter interrupt 
is masked by an external input; thus, external interrupts 
always have priority. The basic operation for both types of 
interrupts are the same, except a timer/counter interrupt is 
initiated on overflow of the counter. Subsequent flowcharts 
provide operational detail for the interrupt procedures that 
follow. 

• Upon executing the current instruction, the interrupt flag is 
set. 

• Contents of the Status Register and Program Counter are 
saved in the stack. 

• For an external interrupt, the Program Counter is loaded 
with address 003; for a timer/counter interrupt, address 007 
is loaded in the PC. 

• After the interrupt is serviced, a RETR instruction is 
executed which restores the pre-interrupt contents of the 
Status Register and Program Counter. 

• The interrupt flag is reset. 



SP-3 
SP-2 
SP-1 
SP 

SP+1 



RAM 
Address 



7 


6 


5 


4 


3 


2 


1 





















PCy 


PCe 


PCs 


PC4 


PC3 


PC2 


PCi 


PCo 


CY 


HC 


Fo 


BS 


PC11 


PC10 


PC9 


PCs 



















































A Set of 
. 2 Bytes 



*-This level 
will be used 
at the next 
sub-routine 
call or inter- 
rupt. 

Stack Position 

SP = 00001 SP2SP1SP0 



SP (Stack Pointer): In the above figure, "SP" indicates an 
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OPERATION FLOWCHART 



c 


POWER ON J 


* 


MPU 
INITIALIZE 


♦ 


#000 — PC 






INSTRUCTION 
FETCH 








+ 






(PC) + 1 -» PC 








J. 






r 








INSTRUCTION 
EXECUTION 






-.-•^iKiSTRi irTioij*"^ 


No 


^^ 


No 






No 


i,,^^^ INTERRUPT?^^ 
^^^.-^''eXTE RNAL^"^***, 


> 
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TIMER 
INTERRUPT) 










INTERRUP 

\ 


r) 


#007 -*■ PC 




#003 -»• PC 










^ 


h 
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INTERRUPT FLOWCHART 




c 



INTERRUPT 
OCCURENCE 



) 



(EXTERNAL 
INTERRUPT) ^ , 




TIMER/COUNTER 
OVERFLOW FLAG SET 




INSTRUCTION 
EXECUTION 




INTERRUPT 
(USER PROGRAM) 



STATUS PC 
RETURN 
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PROGRAMMING AND VERIFYING 
EPROM MEMORY 

Internal program memory of the .MBL8749 is a 2K x 8-bit 
EPROM that can be electrically written into, and erased by 
using an ultraviolet (UV) light source. Pin functions for 
programming and verifying the EPROM are repeated here for 
convenience of the user. 

Pin Descriptions 



Name 


Function 


XTAL1, 
XTAL2 


Clock signal (1 to 3MHz) input 




Initialize and address-latch signal input: 
Address data input to the data bus is internally 
latched on the rising edge of the RESET signal. 


RESET 


TO 


Program mode is selected when this signal is 
low and verify mode is selected when it is high. 


EA 


Program and verify enable signal input: Either 
mode is enabled when 18 volts is applied to this 
pin. 


BUS 

(D7to 

DO) 


Address and data inputs in the program mode 
and data output in the verify mode. 


Vdd 


Power supply 


PROG 


Input pulses for programming 



PROGRAMMING PROCEDURE 

Step 1: Initialization 
Vqc and Vpo = 5V 

Clock signal = 1 to 3MHz (Internal or external clock) 
RESET = OV 
TO, EA = 5V 
BUS and PROG pins floating. 

Step 2: TO = OV 
Select program mode. 

Step 3: EA = 18V 
Enable program or verify mode 

Step 4: Input address signals. 
BUS = 8 low-order bits 
P22 to P20: = 3 high-order bits 



Step 5: RESET = 5V 
Internally latch the address inputs. 

Step 6: Input write data to BUS. 

Step 7: Vdd = 21V 
Turn on programming power supply. 



Step 8: Apply volts to the PROG pin and then apply a pro- 
gramming pulse of 18 volts for 50 ms. Again apply volts to 
the pin and then let it float. 

Step 9: Vdd = 5V, BUS floating 

Turn off programming power supply (Vdd = 21V ^ 5V), and 
let BUS float. 

Step 10: TO - 5V 
Select verify mode. 

Step 11: Externally read BUS data to verify data. 

Step 12: TO = OV 
Terminate verify mode and select program mode. 



Step 13: RESET = OV 
Go to the next step when data has been written. If data is not 
valid, repeat procedures, beginning with Step 4. 

Step 14: EA - 5V 
Disable program or verify mode. 

ERASING EPROM 

Data written into the EPROM can be erased by applying ultra- 
violet light rays with a wavelength of 2537 angstroms. With UV 
light source directly above the transparent lid at a distance of 
2-to-3 centimeters, the time for complete erasure is between 
15-and-20 minutes for most commercial lamps. The recom- 
mended amount of UV radiation is 10Wsec/cm2; the luminous 
intensity on the package surface is designed to be approxi- 
mately 12000//W/cm2. 

If the package surface is soiled by grease, adhesives, or other 
light inhibitors, the erasing time will increase. Before attempt- 
ing to erase data, it is recommended that surface be cleaned 
with alcohol or some other detergent that will not damage the 
package. 

INSTRUCTIONS 

All instructions are one or two bytes and also execute in either 
one or two cycles. Addresing modes are classified as direct, 
expanded, indirect, immediate and implied. Single-byte and 
double-byte instruction formats are as follows: 

1-Byte Instruction: 



f 




f 


r 


/ 


f 


r 



Implied Addressing Mode 
Register Indirect Addressing Mode 
Register Direct Addressing Mode 
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2-Byte Instruction: 



f 


OP 



Immediate Addressing Mode 



Ah 


f 


Al 



Expanded Addressing Mode 



f: Instruction Operation Set 
r: Register Set 
OP: Operand Data 
Ah, Al: Operand Address 



Table 1. Instruction Set Summary 



Accumulator and Memory Instructions 







OP 






Flag 




Operation 


Mnemonic 


code 


Byte 


Cycle 


C 


AC 


FO 


F1 


Notes 


Add register to A 


ADD A, Rr 


6X 






• 


• 


— 


_ 


(A) *- (A) + (Rr) 


Add data memory to A 


ADD A, @R0 


60 






• 


* 


— 


— 


(A) - (A) + ((RO)) 




ADD A. @R1 


61 






* 


• 


— 


— 


(A)-(A) + ((R1)) 


Add immediate to A 


ADD A, #data 


03 






• 


* 


— 


— 


(A) *- (A) + data 


Add register to A with carry 


ADDC A, Rr 


7X 






• 


• 


— 


— 


(A) *- (A) + (Rr) + (C) 


Add data memory to A with carry 


ADDC A, @R0 


70 






• 


• 


— 


— 


(A) - (A) + ((RO)) 4- (C) 




ADDC A, @R1 


71 






* 


* 


— 


— 


(A)-(A)-f((R1))MC) 


Add immediate to A with Carry 


ADDC A, #data 


13 


2 




* 


* 


— 


— 


(A) — (A) + data + (C) 


And register to A 


ANLA, Rr 


5X 






— 


— 


— 


— 


(A) - (A) n (Rr) 


And data memory to A 


ANLA, @R0 


50 






— 


— 


— 


— 


(A) - (A) n ((RO)) 




ANL A, @R1 


51 




1 


— 


— 


— 


— 


(A)-(A)n((R1)) 


And immediate to A 


ANL A, #data 


53 




^ 


— 


— 


— 


— 


(A) — (A) n data 


Clear A 


CLRA 


27 






— 


— 


— 


— 


(A)-0 


Complement A 


CPLA 


37 






— 


— 


— 


— 


(A) - (A) 


Decimal Adjust A 


DA A 


57 






* 


— 


— 




Note1 


Decrement A 


DEC A 


07 






— 


— 


— 




(A) - (A) - 1 


Increment A 


INC A 


17 




^ 


— 


— 


— 


— 


(A) - (A) + 1 


Or register to A 


ORL A. Rr 


4X 








— 


-- 


— 


(A) - (A) U (Rr) 


Or data memory to A 


ORL A. @R0 


40 






— 


— 


— 


— 


(A) - (A) U ((RO)) 




ORL A, @R1 


41 






— 


— 


— 


— 


(A)-(A)U((R1)) 


Or immediate to A 


ORL A, #data 

RLA 

RLCA 

RRA 

RRCA 


43 
E7 
F7 
77 
67 


1 




* 


- 


- 


- 


(A) ^ (A) U data 


Rotate A left 


I . -J 7 1 1,1 1 1 1 1 n 1 




iM 1 '1 1 1 1-1° J 


Rotate A left through carry 


lf^W7l 1^4-H-l |o| 


Rotate A right 


Mrl 1-1-4-4-i |o| 


Rotate A right through carry 


l{cHn l-M-f-l |0| 


SWAP nibles of A 


SWAP A 


47 












— 


— 


(A7~4) ^ (A3~0) 


Exclusive or register to A 


XRL A, Rr 


DX 






— 


— 


— 


— 


(A) - (A) © (Rr) 


Exclusive or data memory to A 


XRL A, @R0 


DO 






— 


— 


— 


— 


(A) - (A) © ((RO)) 




XRL A, @R1 


D1 






— 


— 


— 


— 


(A)-(A)®((R1)) 


Exclusive or immediate to A 


XRL A, #data 


D3 


2 


2 


— 


— 


— 


— 


(A) *- (A) ® data 
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Input/Output Instructions (Cont) 







OP 






Flag 




Operation 


Mnemonic 


code 


Byte 


Cycle 





AC 


FO 


F1 


Notes 


And immediate to BUS 


ANL BUS, #data 


98 


2 


2 


— 


— 


— 


— 


(BUS) ^ (BUS) n data 


P1 


ANL P1, #data 


99 


2 


2 


— 


— 


— 


— 


(P1)^(P1)ndata 


P2 


ANL P2, #data 


9A 


2 


2 


— 


— 


— 


— 


(P2) ^ (P2) n data 


And A to Expander Port 


ANLD Pp, A 


9X 




2 


— 


— 


— 


— 


(Pp) - (Pp) n (AS-O) 


Input BUS to A 


INS A, BUS 


08 




2 


— 


— 


— 


— 


(A) - (BUS) 


Port 1 to A 


IN A, P1 


09 




2 


— 


— 


— 


— 


(A)-(P1) 


Port 2 to A 


IN A, P2 


OA 




2 


— 


— 


— 


— 


(A) - (P2) 


Input Expander Port to A 


MOVD A, Pp 


OX 




2 


— 


— 


— 


— 


(A3~0) - (Pp) 
(A7~0) — 


Or immediate to BUS 


ORL BUS, #data 


88 


2 


2 


— 


— 


— 


— 


(BUS) ^ (BUS) U data 


P1 


ORL P1, #data 


89 


2 


2 


— 


— 


— 


— 


(P1)^(P1)Udata 


P2 


0RLP2, #data 


8A 


2 


2 


— 


— 


— 


— 


(P2) *- (P2) U data 


Or A to Expander Port 


ORLD Pp, A 


8X 




2 


— 


— 


— 


— 


(Pp) - (Pp) U (A3~0) 


Output A to BUS 


OUTL BUS, A 


02 




2 


— 


— 


— 


— 


(BUS) *- (A) 


P1 


qUtl pi, a 


39 




2 


— 


— 


— 


— 


(P1)-(A) 


P2 


OUTL P2, A 


3A 




2 


— 


— 


— 


— 


(P2) - (A) 


Output A to Expander Port 


MOVD Pp, A 


3X 




2 


— 


— 





— 


(Pp) - (A3~0) 



Data Move instructions 



Move register to A 


MOV A, Rr 


FX 


1 


1 


— 


— 


— 


— 


(A) - (Rr) 


Move data memory to A 


MOV A, @R0 


FO 


1 


1 


— 


— 


_ 


— 


(A) - ((RO)) 




MOV A, @R1 


F1 


1 


1 


— 


— 


— 


— 


(A)-((R1)) 


Move immediate to A 


MOV A, #data 


23 


2 


2 


— 


— 


— 


— 


(A) *- data 


Move A to register 


MOV Rr, A 


AX 


1 


1 


— 


— 


— 


— 


(Rr) - (A) 


Move A to data memory 


MOV @R0, A 


AO 


1 


1 


— 


— 


— 


— 


((RO)) - (A) 




M0V@R1,A 


A1 


1 


1 


— 


— 


— 


— 


((R1))-(A) 


Move immediate to register 


MOV Rr, #data 


BX 


2 


2 


— 


— 


— 


— 


(Rr) ^ data 


Move immediate to data memory 


MOV @R0, #data 


BO 


2 


2 


— 


— 


— 


— 


((RO))*-data 




MOV@R1,#data 


B1 


2 


2 


— 


— 


— 


— 


((R1))^data 


Move PSW to A 


MOV A. PSW 


07 




1 


— 


— 


— 


— 


(A) - (PSW) 


Move A to PSW 


MOV PSW, A 


D7 




1 


• 


* 


* 


— 


(PSW) - (A) 


Move external data memory to A 


MOVX A, @R0 


80 




2 


— 


— 


— 


— 


(A) - ((RO)) 




MOVX A, @R1 


81 




2 


— 


— 


— 


— 


(A)-((R1)) 


Move A to external data memory 


MOVX @R0, A 


90 




2 


— 


— 


— 


— 


((RO)) - (A) 




MOVX (SRI, A 


91 




2 


— 


— 


— 


— 


((R1))-(A) 


Move to A from current page 


MOVP A, @A 


A3 




2 


— 


— 


— 


— 


(A) - ((A)) 


Move to A from Page 3 


MOVP3A, @A 


E3 




2 


— 


— 


— 


— 


(A) ^ ((A)) within page 3 


Exchange A and register 


XCH A, Rr 


2X 






— 


— 


— 


— 


(A)^(Rr) 


Exchange A and data memory 


XCH A, @R0 


20 






— 


— 


— 


— 


(A) ^ ((RO)) 




XCHA, @R1 


21 






— 


— 


— 


— 


(A)^ ((R1)) 


Exchange nibble of A 


XCHD A, @R0 


30 






— 


— 


— 


— 


(A3~0)^ ((R0)3~0) 


and data memory 


XCHD A, @R1 


31 






— 


— 




— 


(A3~0)^ ((R1)3~0) 


Register Instructions 


Decrement register 


DEC Rr 


CX 


1 


1 


— 


— 




— 


(Rr) - (Rr) - 1 


Increment register 


INCRr 


IX 


1 


1 


— 


— 




— 


(Rr)-(Rr) + 1 


Increment data memory 


INC @R0 


10 


1 


1 


— 


— 


— 


— 


((RO)) - ((RO)) + 1 




INC@R1 


11 


1 


1 


— 


— 


— 


— 


((R1))-((R1)) + 1 
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Timer/Counter Instructions (Cont) 





Mnemonic 


OP 
code 


Byte 


Cycle 


Flag 




Operation 


C 


AC 


FO 


F1 


Notes 


Disable Timer/Counter Interrupt 

Enable Timer/Counter Interrupt 

Read Timer/Counter 

Load Timer/Counter 

Start Time 

Start Counter 

Stop Timer/Counter 


DIS TCNTI 
EN TCNTI 
MOV A, T 
MOV T, A 
STRTT 
STRT CNT 
STOP TCNT 


35 
25 
42 
62 
55 
45 
65 




1 


- 


- 


- 


- 


(A) - (T) 
(T) - (A) 


Control Instructions 


Disable external interrupt 
Enable external interrupt 
Enable Clock output on TO 
No Operation 
Select register bank 
Select register bank 1 
Select memory bank 
Select memory bank 1 


DISI 
ENI 

ENTO CLK 
NOP 
SEL RBO 
SEL RB1 
SEL MBO 
SEL MB1 


15 
05 
75 
00 
C5 
D5 
E5 
F5 






- 


- 


- 


- 


(BS) *- 
(BS) - 1 
(MBF) — 
(MBF) ^ 1 



Branch and Jump Instructions 



Decrement register and test 


DJNZ Rr, addr 


EX 


2 


2 


— 


— 


— 


— 


(Rr) 7^ (Note 4) 


Jump unconditional 


JMPaddr 


%4 


2 


2 


— 


— 


— 


— 


Unconditional Branch 


Jump indirect 


JMPP @A 


B3 


1 


2 


— 


— 


— 


— 


Unconditional Branch 
(Note 5) 


Jump on Carry = 1 


JC addr 


F6 


2 


2 


— 


— 


— 


— 


(C) = 1 


Jump on Carry = 


JNC addr 


E6 


2 


2 


— 


— 


— 


— 


(C) = 


Jump on A zero 


JZ addr 


C6 


2 


2 


— 


— 


— 


— 


(A) = 


Jump on A not zero 


JNZ addr 


96 


2 


2 


— 


— 


— 


— 


(A)^0 


Jump on TO = 1 


JTO addr 


36 


2 


2 


— 


— 


— 


— 


(TO) = 1 


Jump on TO = 


JNTO addr 


26 


2 


2 


— 


— 


— 


— 


(TO) = 


Jump on T1 =1 


JT1 addr 


56 


2 


2 


— 


— 


— 


— 


(T1) = 1 


Jump on T1 =0 


JNT1 addr 


46 


2 


2 


— 


— 


— 


— 


(T1) = 


Jump on FO = 1 


JFO addr 


B6 


2 


2 


— 


— 


— 


— 


(FO) = 1 


Jump on F1 = 1 


JF1 addr 


76 


2 


2 


— 


— 


— 


— 


(F1) = 1 


Jump on timer flag 


JTF addr 


16 


2 


2 


— 


— 


— 


— 


(TF) = 1 


Jump on INT = 


JNI addr 


86 


2 


2 


— 


— 


— 


— 


(INT) - 


Jump on accumulator bit 


JBraddr 


%2 


2 


2 


— 


— 


— 


— 


(Ar) = 1 



Subroutine Instructions 



Jump to subroutine 

Return 

Return and restore status 



CALL addr 

RET 

RETR 



%4 
83 
93 



(Note 6) 
(Note 7) 
(Notes) 



Flag Instructions 



Clear carry 


CLRC 


97 






z 


_ 


_ 


_ 


(C)-0 


Complement carry 


CPLC 


A7 






CP 


— 


— 


— 


(C) - (C) 


Clear Flag 


CLRFO 


85 






— 


— 


z 


— 


(FO)-O 


Complement Flag 


CPL FO 


95 






— 


— 


CP 


— 


(FO) - (FO) 


Clear Flag 1 


CLRF1 


A5 






— 


— 


— 


z 


(F1)-0 


Complement Flag 1 


CPLF1 


B5 






— 


— 


— 


CP 


(FI)-(FI) 
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Table 2. OP Codes for Register Access 



Mnemonic Rr 


Ro 


Ri 


R2 


R3 


R4 


R5 


R6 


R7 


INCRr 


18 


19 


1A 


IB 


10 


1D 


IE 


IF 


XCH A, Rr 


28 


29 


2A 


2B 


20 


2D 


2E 


2F 


ORL A. Rr 


48 


49 


4A 


4B 


40 


4D 


4E 


4F 


ANL A, Rr 


58 


59 


5A 


5B 


50 


5D 


5E 


5F 


ADD A, Rr 


68 


69 


6A 


6B 


60 


6D 


6E 


6F 


ADDC A, Rr 


78 


79 


7A 


7B 


70 


7D 


7E 


7F 


MOV Rr, A 


A8 


A9 


AA 


AB 


AO 


AD 


AE 


AF 


MOV Rr, #data 


B8 


B9 


BA 


BB 


BO 


BD 


BE 


BF 


DECRr 


08 


09 


OA 


OB 


00 


OD 


OE 


OF 


XRL A, Rr 


D8 


D9 


DA 


DB 


DO 


DD 


DE 


DF 


DJNZ Rr, M 


E8 


E9 


EA 


EB 


EO 


ED 


EE 


EF 


MOV A, Rr 


F8 


F9 


FA 


FB 


FO 


FD 


FE 


FF 



5 4 3 2 10 



R2 Ri Ro 



Table 3. OP Codes for Expander 



Mnemonic 



Pp P4 P3 P2 Pi 



MOVD A, Pp 
MOVD Pp, A 
ORLD Pp, A 
ANLD Pp, A 



5 4 3 2 10 



Pi Po 



Table 4. OP Codes for JMP, CALL, and JBr Instructions 



7 6 5 4 3 2 10 



7 6 5 4 3 2 10 



Notes: 

1 . Refer to Tables 1 and 2 for OP Oode suffixes of "X"; refer to 
Table 3 for OP Oode prefixes of "%". 

2. Flag status: 

* = Set, or reset flag bit to the state it was in before 

instruction execution, 
z = Reset flag bit. 
OP = Oomplement flag bit. 

3. The accumulator value is adjusted to form BOD digits 
following the binary addition of BOD number. 

4. DJNZRraddr: (Rr) - 1 -> (Rr) 

if (Rr) ^ 0, add -^ (PCq to PCy). 
if (Rr) = 0, execute next instruction. 

5. JMPP @A: ((A)) - (POo to PO7) 

6. OALLaddr 
(POotoP07)^((SP)) 
(SP) + 1 - (SP) 

(POg to PO11), (MBF), (PSW4 to PSW7) - ((SP)) 

(SP) + 1 -* (SP) 

AL^(POotoP07) 

AH^CPCgtoPOio) 

MBF-(POii) 
7 RET 

(SP) - 1 - (SP) 

((SP)oto(SP)3)-'(PO)8to(PO)ii) 

(SP) - 1 - (SP) 

((SP))^(POotoP07) 
8. RETR 

(SP) - 1 - (SP) 

((SP)oto(SP)3-(PC8toPCii) 

((SP)4 to (SP)7 -* (PSW4 to PSW7) 

(SP) - 1 -* (SP) 



JMP 



OALL 



JBr 



Ah 








1 










Al 


Al : Lower 8 Bits of Address 


First Byte 




Second Byte 


Ah : As, Ag, A^q of Address 
MBF: Memory Bank Flag 


Ah 


1 





1 










Al 


First Byte 




Second Byte 




Br 


1 








1 







Al 




Fi 


rst 


By 


te 








Second Byte 





Al: Address A7 to Aq 
Ah: Address A10, Ag, As 
Br : r*'^ Bit on Accumulator 
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INSTRUCTION CODES 



N. L 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 





NOP 




OUT 
(BSU.A) 


1 
ADD 
A, # 


JMP 
Ox X 


EN 
1 




DEC 
A 


f 

INS 
(A, BUS) 


w 

IN 
A, PI 


r 

IN 
A, P2 




r 

MOVD 
A P4 


f 
MOVD 
A, P5 


f 
MO'D 
A P6 


f 
MOVD 
A, P7 


T 


INC 
(SRO 


INC 
(a)R1 


1 
JBO 
addr 


ADDC 

A, # 


CALL 
Ox X 


DIS 

1 


JTF 
addr 


INC 
A 


INC 
RO 


INC 
R1 


INC 
R2 


INC 
R3 


INC 
R4 


INC 
R5 


INC 
R6 


INC 
R7 


2 


XCH 
A, @R0 


XCH 
A, @R1 




1 
MOV 
A, # 


JMP 

1 X X 


EN 
TCNT1 


1 
JNTO 
addr 


CLR 
A 


XCH 
A, RO 


XCH 
A, R1 


XCH 
A, R2 


XCH 
A, R3 


XCH 
A, R4 


XCH 
A, R5 


XCH 
A, R6 


XCH 

A, R7 


3 


XCHD 
A, (a)RO 


XCHD 
A. @R1 


1 
JB1 
addr 




CALL 

1 X X 


DIS 
TCNT1 


JTO 
addr 


CPL 
A 




r 

OUTL 
PI, A 


r 

OUTL 
P2, A 




r 

MOVD 
P4, A 


r 

MOVD 
P5, A 


r 

MOVD 
P6. A 


r 

MOVD 
P7 A 


4 


ORL 

A, (5)R0 


ORL 
A, @R1 


MOV 
A, T 


1 
ORL 
A, # 


JMP 
2x X 


STRT 
CNT 


JNT1 
addr 


SWAP 
A 


ORL 
A, RO 


ORL 
A, R1 


ORL 
A, R2 


ORL 
A, R3 


ORL 
A, R4 


ORL 
A. R5 


OPL 
A, R6 


ORL 
A, R7 


5 


ANL 
A, @R0 


ANL 
A, @R1 


1 
JB2 
addr 


1 
ANL 
A, # 


CALL 
2x X 


STRT 

T 


JT1 
addr 


DA 
A 


ANL 
A, RO 


ANL 
A, R1 


ANL 
A, R2 


ANL 
A, R3 


ANL 
A, R4 


ANL 
A. R5 


ANL 
A, R6 


ANL 
A, R7 


6 


ADD 
A. @R0 


ADD 
A, @R1 


MOV 
T A 




JMP 
3xx 


STOP 
TCNT 




RRC 
A 


ADD 
A, RO 


ADD 
A, R1 


ADD 
A, R2 


ADO 
A, R3 


ADD 
A, R4 


ADD 

A, R5 


ADD 
A, R6 


ADD 
A, R7 


7 


ADDC 

A, ©RO 


ADDC 

A, @R1 


JB3 
addr 




CALL 
3xx 


ENTO 
CLK 


JF1 
addr 


RR 
A 


ADDC 
A, RO 


ADDC 
A, R1 


ADDC 
A, R2 


ADDC 
A, R3 


ADDC 
A, R4 


ADDC 
A, R5 


ADDC 
A, R6 


ADDC 
A. R7 


8 


f 

MOVX 
(A, @ RO) 


w 

MOVX 
(A, @R1) 




r 

RET 


JMP 
4x X 


CLR 
FO 


JNI 
addr 




ORL 
(BUS, #) 


ORL 

PI, # 


ORL 
P2, # 




r 

ORLD 
P4, A 


r 

ORLD 
P5. A 


r 

ORLD 
P6, A 


r 

ORLD 
P7 A 


9 


MOVX 
@RO.A 


r 

MOVX 
@R1,A 


JB4 
addr 


r 

RETR 


CALL 
4xx 


CPL 
FO 


JNZ 

addr 


CLR 
C 


ANL 
(BUS, #) 


ANL 

PI, # 


ANL 
P2, # 




r 

ANLD 
P4, A 


r 

ANLD 
P5, A 


r 

ANLD 
P6, A 


ANLD 
P7 A 


A 


MOV 
@R0, A 


MOV 
@R1, A 




f 
MOVP 
A, @A 


JMP 
5x X 


CLR 
F1 




CPL 
C 


MOV 
RO, A 


MOV 
R1, A 


MOV 
R2, A 


MOV 
R3, A 


MOV 
R4, A 


MOV 
R5. A 


MOV 
R6. A 


MOV 
R7A 


B 


1 
MOV 
@R0, # 


1 
MOV 

@R1,# 


1 
J 85 
addr 


r 

JMPP 
@A 


CALL 
5xx 


CPL 
F1 


JFO 
addr 




1 
MOV 
RO, # 


MOV 
R1.# 


MOV 
R2, # 


MOV 

R3, # 


MOV 

R4, # 


1 
MOV 
R5, « 


MOV 
R6. # 


MOV 

R7 # 


C 










JMP 
6x X 


SEL 
RBO 


JZ 
addr 


MOV 
A, PSW 


DEC 
RO 


DEC 
R1 


DEC 
R2 


DEC 
Ho 


DEC 

R4 


DEC 
R5 


DEC 

R6 


DEC 

R7 


D 


XRL 
A, aRO 


XRL 
A, @R1 


addr 


XRL 
A, # 


CALL 
6xx 


SEL 
RB1 


JNIBF 
addr 


MOV 
PSW, A 


XRL 
A, RO 


XRL 
A, R1 


XRL 
A, R2 


XRL 
A, R3 


XRL 

A, R4 


XRL 
A, R5 


XRL 
A, R6 


XRL 
A, R7 


E 








f 
MOVP3 
A.@A 


JMP 
7xx 


SEL 
MBO 


1 
JNC 
addr 


RL 
A 


DJNZ 
RO, M 


DJNZ 
R1,M 


DJNZ 
R2,M 


DJNZ 
R3,M 


DJNZ 
R4, M 


DJNZ 
R5,M 


DJNZ 
R6,addr 


DJNZ 
R7, M 


F 


MOV 
A @R0 


MOV 
A, @R1 


JB7 
addr 




CALL 
7xx 


SEL 
MB! 


JC 
addr 


RLC 
A 


MOV 
A, RO 


MOV 
A, R1 


MOV 
A, R2 


MOV 
A, R3 


MOV 
A, R4 


MOV 
A. R5 


MOV 
A, R6 


MOV 
A, R7 



Legend: 

# Immediate data 

= 1 Byte, 1 Cycle Instruction 

= 1 Byte, 2 Cycle Instruction 

1 = 2 Byte, 2 Cycle Instruction 
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ABSOLUTE MAXIMUM RATINGS 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Rating 


Unit 


Supply Voltage 


Vcc. 
Vdd 


Vss -0.3 to 
Vss + 7 


V 


Input Voltage 


V,N 


Vss - 0.3 to 
Vss + 7 


V 


Operating 
Temperature 


Ta 


to +70 


°c 


Storage Temperature 


Tstg 


-55 to +150 


°c 


Power Dissipation 


Pd 


1.5 


w 



Note: 

Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 
are exceeded. Functional operation should be restricted to the conditions 
as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



Parameter 


Symbol 


Value 


Unit 


Min 


Typ 


Max 


Supply Voltage 


Vcc. 
Vdd 


4.5 


5.0 


5.5 


V 


Vss 









V 


Operating 
Temperature 


Ta 







+70 


°G 



DC CHARACTERISTICS (Ta = 0°C to +70°C, Vcc = Vdd = 5V +10%, Vss = OV) 



Parameter 


Symbol 


Applicable Pin/Device 


Value 


Unit 


Test Conditions 


Min 


Max 


Input Low Voltage 


V,L 




-0.3 


0.8 


V 




All Except XTAL1, XTAL2, RESET 


V|L1 




-0.3 


0.6 


V 




XTAL1, XTAL2, RESET 


Input High Voltage 


V|H 




2.0 


Vgg 


V 




All Except XTAL1, XTAL2, RESET 


V|H1 




3.8 


Vgc 


V 




XTAL1, XTAL2, RESET 


Output Low Voltage 


Vol 


BUS 




0.45 


V 


Iql = 2.0mA 


V0L1 






0.45 


V 


Iql = 2.0mA 


RD, WR, PSEN, ALE 


V0L2 


PROG 




0.45 


V 


loL = 1-OmA 


V0L3 


All Other Outputs 




0.45 


V 


Iql = 1.6mA 


Output High Voltage 


Vqh 


BUS 


2.4 




V 


loH = -400//A 


VOHI 




2.4 




V 


Iqh = -100/yA 


RD. WR, PSEN, ALE 


V0H2 


All Other Outputs 


2.4 




V 


loH = -50M 


Input Leakage Current 


Ili 


T1, INT 




+10 


//A 


Vss<V,N<Vcc 


Ilii 


P10-P17, P20-P27, EA, SS 




-500 


M 


Vss + 0-45V < V,N < Vcc 


Output Leakage Current 


Ilo 


BUS, TO 




+10 


fjA 


Vss + 0.45V ^ V|N ^ Vcc. 
In High-Z state 


Vdd Supply Current 


•dd 


Vdd 




50 


mA 




Total Supply Current 


'go + 'do 


Vgc. Vdd 




170 


mA 
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DC CHARACTERISTICS (Programming Mode) 

(Ta = 25 ±5X, Vcc = 5V ±5%,Vdd = 21 ±0.5Vor5V ±5%) 



Parameter 


Symbol 


Value 


Unit 


MIn 


Max 


Vdd Program Voltage High Level 


VpDH 


20.5 


21.5 


V 


Vdd Program Voltage Low Level 


Vddl 


4.75 


5.25 


PROG Program Voltage High Level 


VPH 


17.5 


18.5 


V 


PROG Program Voltage Low Level 


VPL 


— 


0.2 


EA Program/Verify Voltage High Level 


Veah 


17.5 


18.5 


V 


EA Program/Verify Voltage Low Level 


Veal 


— 


5.25 


Vdd High Voltage Supply Current 


'dd 


— 


30.0 


mA 


PROG High Voltage Supply Current 


IpROG 


— 


16.0 


EA High Voltage Supply Current 


"ea 


— 


1.0 



Notes: 

1. High Level Voltage (V^dh' Vrh) should not be applied to y^o ^"d PROG pins unless Vqc = 5V +5% and EA = 18V ±0.5V 
2- Vop, PROG, and EA should not exceed the above specified range, including overshoot and undershoot. 



Oscillator Circuits 



Crystal Oscillator 



20pF* 



1 to 11MHz 



20pF* 



^ 



MBL8749 
XTAL1 



External Clock Drive 



EXTERNAL 
CLOCK" 






470il> 



* Including stray capacitances 

*Both high and low times should be nnore than 35% of the cycle 
time, and the rise and fall times should be less than 20ns. 
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AC CHARACTERISTICS (Ta = O^C to +70°C, Vqc = V 


3D = +5V±10%, Vss^ 


^OV) 








Parameter 


Symbol 


Value (MBL8749H) 


Value (MBL8749N) 


Unit 


Test Conditons 


Min 


Max 


Min 


Max 


ALE Pulse Width 


tLL 


150 




410 




ns 


Notel 


Address Setup Time (to ALEi) 


tAL 


70 




230 




ns 


Address Hold Time (from ALEi) 


tLA 


50 




120 




ns 


RD & WR Pulse Width 


tcci 


480 




1050 




ns 




tcC2 


350 




800 




ns 


PSEN Pulse Width 


Data Setup Time (to WRt) 


tow 


390 




880 




ns 


Data Hold Time (from WRt) 


two 


40 




120 




ns 


Note 2 




tpR 





110 





220 


ns 


Notel 


Data Hold Time (from RDt, PSENt) 


Data Delay Time (from RDl) 


tpDI 




350 




800 


ns 




tRD2 




210 




550 


ns 


Data Delay Time (from PSENi) 


Address Setup Time (to WRl) 


Uw 


310 




680 




ns 


Data Delay Time (RD) 


Udi 




760 




1590 


ns 




tAD2 




480 




1090 


ns 


Data Delay Time (PSEN) 


Address Floating Time (to RDi, WRl) 


Ufci 


140 




290 




ns 




tAFC2 


10 




40 




ns 


Address Floating Time (to PSENI) 


RD & WR Output Delay Time (from ALEI) 


tuAFCI 


200 




420 




ns 


PSEN Output Delay Time (from ALEi) 


tLAFC2 


60 




170 




ns 


ALE Delay Time (from RDt, WRt, PROGt) 


tCAl 


50 




120 




ns 




tCA2 


320 




620 




ns 


ALE Delay Time (from PSENt) 


Port Control Setup Time (to PROGi) 


tcp 


100 




250 




ns 


Port Control Hold Time (from PROGi) 


tpc 


160 




460 




ns 


Port 2 Input Data Delay Time (from PROGi) 


tpR 




700 




1380 


ns 


Port 2 Input Data Hold Time (from PROGt) 


tpF 





140 





250 


ns 


Output Data Setup Time (to PROGt) 


^DP 


400 




850 




ns 


Output Data Hold Time (from PROGt) 


tpD 


90 




200 




ns 


PROG Pulse Width 


tpp 


700 




1500 




ns 


Port 2 I/O Data Setup Time (to ALEt) 


tpL 


160 




460 




ns 


Port 2 I/O Data Hold Time (from ALEt) 


tLP 


40 




80 




ns 


Port Data Output Time (from ALEi) 


tpv 




510 




850 


ns 


Cycle Time 


tcY 


1.36 




2.5 




//s 


TO Output Frequency 


toPRR 


270 




500 




ns 



1. Load Conditions: BUS Cl = 150pF, Other Outputs Cl 

2. Load Conditions Cl = 20pF, High impedance 
i Falling edge 

t Rising edge 



80pF, 1 TTL 
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AC CHARACTERiSTICS (Programming Mode) 

(Ta = 25 ±5<'C, Vcc = 5V ±5%, Vpo = 21V ±0.5Vor5V ±5%) 



Parameter 


Symbol 


Value 


MIn 


Max 




^AW 


4-tcY 


— 


Address setup time (before RESET!) 




twA 


4-tcY 


— 


Address hold time (after RESET!) 


Input data setup time (before PROG!) 


tow 


4-tcY 


— 


Input data hold time (after PROGi) 


two 


4-tcY 


— 




tpH 


4-tcY 


— 


RESET hold time (after EAi) 


Vdd setup time (before PROG!) 


Wddw 


4-tcY 


— 


Vdd hold time (after PROGI) 


Wddh 





— 


Program Pulse width 


tpw 


50 ms 


60 ms 




tjw 


4-tcY 


— 


TO setup time (before RESET!) 


TO hold time (after VqdO 


twT 


4-tcY 


— 


Data output delay time (after TO!) 


too 


— 


4-tcY 


RESET pulse width (to latch Address) 


tww 


4-tcY 


— 


Vdd and PROG rise/fall time 


tr.tf 


0.5//S 


2.0/ys 


MPU cycle time 


tcY 


5.0/ys 


— 




tRE 


4-tcY 


— 


RESET setup time (before EA!) 




tEA 


10 ms 


- 


EA setup time (before RESET!) 
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TrMING DIAGRAMS 

External Program Memory Operations (Instruction Fetch) 



















^ 










^ 




tLAFC2 














ALE 










n 










^ 


J 






'""T 








PSEN 




1 






tDR 










tLA 








BUS 


FLOATING 


> 


f address] 


( FLOATING ] 


t 


RUC Y FLOATING 


X 

































External Data Memory Read Operation 



ALE 


















J 


1 




1 


1 




_ ^ 




[-•— tcA1 








RD 














tAFCI 






tDR 1 




^ HDI 




BUS 


FLOATING 




^ADDRESS X FLOATING 


) 


<^TA X 


FLOATING 

















External Data Memory Write Operation 



r"~L 



[♦•tLAFCI-*- 



J L 

[-• tcA1 



1 



H 



BUS FLOATING )( ADDRESS )( FLOATING J^ 



_J 
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TIMING DIAGRAMS (continued) 

Four Low-Order Bits of Port 2 When Expander Port 

And External Program Memory Are Used 



r~L 



OUTPUT 
P20 TO 23 
INPUT 













1- 




tCAl 




1 


^ 'ff - 


* 










I^CP 








tAL 


-•-tpc— ► 




IPD 








- '- ' TuT 


** 


~"1~ 






X 


PCH 


Y PORT DATA ^I^ORT CONTROUT^ OUTPUT DATA Y 





X 



" ^•^^-ff:::^^ ygy 



1 r 



I/O Port Output Timing 



ALE 


rn 












rn 






1 


PSEN 


1 1 


-tpL-^ 








P20 TO 23 


X - i 


PORT DATA V NEW PORT DATA Y PCH 






P24 TO 27 
P10 TO 17 


PORT DATA 


Y NEW PORT DATA 



Clock Output Timing 





SI 

n 


S2 

Jl 


S3 

1 


S4 

Jl 

1 


S5 

Jl 


SI 

Jl 


S2 

Jl 


S3 

r 


S4 

1 


S5 

Jl 




ALE 






























RD 
























WR 










1 
















PROG 








1 
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TIMING DIAGRAM (Programming the EPROM) 



18V 
5V 



^^ 



- PROGRAM MODE - 



^^ ,' 



-* VERYFYMODE- 



f 



>_ / ADDR yy 

\ (LOW ORDER) y\^ 



INPUT DATA 



X 



- PROGRAM MODE - 



i — I 



\ r 



-*e-tDO— ^ 
\- — — -^ ^«)UTPUTDAT^----«JEXTADDra^ 



ADDRESS (HIGH ORDER) 



tvDDW I 



U-tDW— ► 



A. 



\ 



X 



NEXT ADDR 



..J. ::.-.w\ 
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PACKAGE DIMENSIONS 



R.050 
(1.27) 
REF ■ 



INDEX 
AREA 



^ 



-.060(1. 52)MAX 




1.090(2.29) 



'.110(2.79) 



40-Lead Ceramic (Metal Seal) 

Dual In-Line Package 

(Case No.: DIP-40C-A04) 




1.980(50.29) 



2.020(51.31) 



.036(0.91) 



.044(1.12) 



.580(14.74) 

.600(15.24) 

.590(14.99) 
.610(15.49) 



A 



.008(0.20) 
.012(0.30) 



ffWfffl 



210(5.33)MAX 



.015(0.38) 



.023(0.58) 



1.900(48.26)REF 
© 1 986 FUJITSU LIMITED D4001 4S-1 C 




.040(1.02) 

.060(1.53) Dimensions in 

Inches (millimeters) 
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FUJITSU 



MBL8051AH, 
MBL8031AH 

NMOS Single-Chip 
8-Bit Microcomputer 



October 1986 
Edition 3.0 



Description 



The Fujitsu MBL8051 AH/8031 AH are single-chip 8-bit micro- 
computers developed as members of the MBL8051 Series. These 
microcomputers have powerful architecture and instruction set 
designed for controller applications. 

The MBL8051 AH contains a 4K x 8-bit program memory (mask 
ROM), a 128 x 8-bit data memory (static RAM), 32 I/O lines con- 
figured as four 8-bit parallel ports, two programmable 16-bit 
timer/counters, a programmable serial I/O port, a five-source 
two-priority-level multi-interrupt function, and on-chip oscillator 
with clock circuitry. The MBL8031 AH has all of these features 
except the on-chip memory. 

The MBL8051 AH/MBL8031 AH can have up to 64K x 8-bit 
program memory and up to (64K + 128) x 8-bit data memory in 
expanded system configuration. Both microcomputers can use 
standard TTL compatible memories and most byte-oriented 
Intel MCS-80* and MCS-85* peripherals for additional memory 
and I/O capability. 

As a control-oriented feature, the MBL8051AH/MBL8031 AH 
have a bit handling hardware: 128 bit-locations in the data 
memory and the special function registers can be directly 
addressable by the user with bit manipulation instructions. This 
is very useful for control type applications. 

The instruction set is designed for efficient use of the program 
memory space: consisting of 44% one-byte, 41% two-byte, and 
15% three-byte instructions. At 12MHz clock, over half of the 
instructions execute in just 1.0//S, while the longest instructions, 
multiply and divide, require only 4//s. 

The MBL8051 AH/MBL8031 AH are fabricated by Fujitsu's 
N-channel poly-silicon-gate E/D MOS process, and packaged in 
a 40-pJn ceramic or plastic DIP They have TTL compatible 
inputs/outputs and operate with a single +5V power supply and 
a 12MHz to 3.5MHz clock. 



*Trademark of Intel Corporation 

Portions Reprinted by permission of Intel Corporation ©Intel Corporation, 1984. 
Connpllatlon and addtlonal materials Copyright © 1986 by Fujitsu Limited, 
Tokyo, Japan, and Fujitsu Microelectronics, Inc., Santa Clara, California, U.S.A. 
Fujitsu Limited Is a licensee of Intel Corporation and authorized to produce 
alternate source products. 
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Features and 
Pin Assignment 



i Control-Oriented 8-Bit CPU 

i 4K X 8-Bit Program IVIemory 
(ROIVI for MBL8051AH Only) 

I 128 X 8-Bit Data Meniory 
(RAM) 

i 32 I/O Lines (Four 8-Bit 
Ports) 

I 128 X 8-Bit Special Function 
Registers 

i Two Programmable 16-Bit 
Timer/Counters 

i Programmable Full-Duplex 
Serial Channel 

I Five-Source Maskable Two- 
Priority-Level Multi-interrupt 

I Expandability: 
—Program Memory: Up to 
64K X 8-Bits 

^ Up to 
—Data Memory L ,q^^ + ^28) 
-I/O Ports Jx8Bits 

I Boolean Processor: 
—218 User Bit-Addressable 

Locations 
—Bit Manipulation 
Instructions 

i Minimum Instruction Execu- 
tion Time: 1/ys (at 12MHz) 



■ A/js (at 12MHz) Multiply and 
Divide 

■ On-chip Oscillator 
(3.5MHZ-12MHZ) 

■ Power-Down Mode: 10mA at 
VpD=5V 

■ TTL Compatible I/O 

■ Single +5V Power Supply 

■ N-Channel Silicon-Gate E/D 
MOS Process 

■ Two Pacltage Options: 
—40-Pin Ceramic DIP 

(Suffix C) 
—40-Pin Plastic DIP 
(Suffix P) 

■ Compatible with Intel MCS- 
80VMCS-85'' Peripherals 

■ MBL8048 Series (equivalent 
to Intel MCS-48*) 
Architecture 

Enhanced with: 
—Non-Paged Jumps 
—Direct Addressing 
—Four 8-Register Banlcs 
—Stack Depth up to 128 Bytes 
—Multiply, Divide, Subtract, 
Compare 



PLOf-T— V. 


^ 40 


=1 


Pi.ic: 


2 


39 


Zl 


P1.2t- 3 


38 


=1 


P1.3C: 4 


37 


13 


P1-4|Z 5 


36 


Z! 


P1.5 d 6 


35 


H 


P1.6C 


7 TOP 34 


n 


P1.7CI8 ^'^* 33 


ZJ 


RSTC 9 


32 


=3 


RXD/P3.0 C 10 


31 


H 


TXD/P3.1 C 11 


30 


=1 


iNT0/P3.2 CI 12 


29 


=! 


INT1/P3.3 C 13 


28 


I] 


T0/P3.4 C 14 


27 


=] 


T1/P3.5 C 15 


26 


I] 


WR/P3.6 C 16 


25 


ZI 


RD/P3.7 C 17 


24 


Zl 


XTAL2IZ 18 


23 


H 


XTAL1 C 19 


22 


11 


Vss C 20 


21 D 



Vcc 

P0.O/ADO 

P0.1/AD1 

P0.2/AD2 

P0.3/AD3 

P0.4/AD4 

P0.5/AD5 

P0.6/AD6 

P0.7/AD7 

EA 

ALE 

PSEN 

P2.7/A15 

P2.6/A14 

P2.5/A13 

P2.4/A12 

P2.3/A11 

P2.2/A10 

P2.1/A9 

P2.0/A8 



FUJITSU 



*Traclemark of Intel Corporation 



Logic Symbol 



EXTERNAL 
MEMORY — 
INTERFACE 





XTAL1 


Vcc 


8 


XTAL2 




^ 8 ^ 


RST/VpD »► 






EA ► 










MBL8051AH 
MBL8031AH 














* 










8 
A15-A8 ^tm^ 


* 




Vss 






^ 8 
A07-ADO'^Hli^ 





P0.7-P0.0 
P1.7-P1.0 
P2.7-P2.0 
P3.7-P3.0 



I/O 
PORTS 



>! 



INTO 


External 


INT1 


_ Interrupt/ 


TO 


Counter/ 


T1 


Test Inputs 



1 



This device contains circuitry to protect the inputs 
against dannage due to high static voltages or electric 
fields. However, It Is advised that normal precautions 
be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance 
circuit. 
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Block Diagram 






AMP/DRIVER 


§ 




BANK1 




BANK3 


*(16x8) 





P37-P3.0 

(RD/WR/TI/TO/INfl/iNTO/TXD/RXD) 



: Members of Special Function Registers (S.F.R.) 
: Bit addressable location 



XX 



I 1 > j_ 

XTAL2 RST/ EA ALE PSEN DATA MEMORY 



Pin Description 

Power Supply 

Clock 



I/O Ports 



Symboi 


Pin No. 


Type 


Name & Function 


Vcc 


40 


— 


+5V power supply pin. 


Vss 


20 


- 


Ground pin. 


XTAL1 


19 


1 


Crystal 1: Input to the inverting amplifier that forms part of the 
oscillator. This pin should be connected to ground when an 
external oscillator is used. 


XTAL2 


18 


o 


Crystal 2: Output of the inverting amplifier, and input to 
internal clock generator. This pin receives the oscillator signal 
when an external oscillator is used. 



P0.7/AD7- 32-39 I/O Port 0: Port is an 8-bit open-drain bidirectional I/O port. As an 

PO.O/ADO open-drain output port, each pin can sink 8 LS-TTL loads. Port 

pins that have Is written to them float, and in that state will . 
function as high-impedance inputs. Port is also the multiplexed 
low-order address and data bus during accesses to external 
memory. In this application it uses strong internal pullups when 
emitting Is. 

P1.7-P1.0 8-1 I/O Port 1: Port 1 is an 8-bit quasi-bidirectional I/O port with internal 

pullups. The Port 1 output buffers can sink/source 4 LS-TTL 
loads. Port 1 pins that have Is written to them are pulled high by 
the internal pullups, and in that state can be used as Inputs. As 
inputs. Port 1 pins that are externally being pulled low will source 
current (I|l, on the data sheet) because of the internal pullups. 



FUJITSU 
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Pin Description 

(continued) 



I/O Ports 

(Continued) 



Symbol Pin No. Type Name & Function 



P2.7/A15- 28-21 I/O Port 2: Port 2 is an 8-bit quasi-bidirectional I/O port with 

P2.0/A8 internal pullups. The Port 2 output buffers can sink/source 4 LS- 

TTL loads. Port 2 emits the high-order address byte during 
accesses to external memory that use 16-bit addresses. In this 
application it uses the strong internal pullups when emitting 1s. 
Port 2 also receives the high-order address and control bits 
during program verification. 



P3.7-P3.0 17-10 



I/O 



Port 3: Port 3 is an 8-bit bidirectional I/O port with internal 
pullups. It also serves the functions of various special features of 
the MBL8051AH, as listed below: 

Port Pin Alternate Function 



P3.0 
P3.1 
P3.2 
P3.3 
P3.4 
P3.5 
P3.6 
P3.7 



RXD (Serial input port) 

TXD (Serial output port) 

INTO (External interrupt 0) 

INT1 (External interrupt 1) 

TO (Timer external input) 

JlJTimer 1 external input) 

WR (External data memory write strobe) 

RD (External data memory read strobe) 



The output latch corresponding to a secondary function must 
be programmed to a one (1) for that function to operate. The 
Port 3 output buffers can source/sink 4 LS-TTL loads. 



Other Ports 



RST 9 



Reset input: A high on this pin for two machine cycles while the 
oscillator is running resets the device. A small external pulldown 
resistor ('«8.2kn) from RST to Vss permits power-on reset when 
a capacitor («^10pF) is also connected from RST to Vcc- 



ALE 30 



Address Latch Enable output pulse for latching the low byte of 
the address during accesses to external memory: ALE is emitted 
at a constant rate of 1/6 of the oscillator frequency, for external 
timing or clocking purposes, even when there are no accesses 
to external memory. However, one ALE pulse is skipped during 
each access to external data memory. ALE can sink/source 8 LS- 
TTL inputs. 



PSEN 



29 



Program Store Enable is the read strobe to external program 
memory. When the device is executing out of external program 
memory. PSEN is activated twice each machine cycle (except 
that two PSEN activatio ns are skipped during accesses to 
external data memory). PSEN is not activated; remaining high, 
during internal program memory execution. 



EA 



External Address Enable input: When EA is held high the CPU 
executes out of internal program memory (unless the program 
counter exceeds OFFFH). Holding EA low forces the CPU to 
execute out of external memory regardless of the program 
counter value. In the MBL8031 AH, EA must be externally 
wired low. 
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Instruction Set 
Description 



The MBL8051 AH instruction set 
includes 1 1 1 instructions, 49 of 
which are single-byte, 45 two- 
byte and 1 7 three-byte. 
The instruction op code 
format consists of a function 
mnemonic followed by a 
"destination, source" operand 
field. This field specifies the 
data type and addressing 
method(s) to be used. 



The MBL8051 AH instruction set 
is divided into five functional 
groups: 

• Arithmetic Operations 

• Logical Operations 

• Data Transfer 

• Boolean Variable 
IVIanipulation 

• Program & Machine Control 
(subroutine control/branch) 



The following table summarizes 
the MBL8051 AH instruction set. 



instruction Set 
Summary (1) 



Arithmetic Operations 



Op 





Operation 


Code 

(Hex) 


Byte/ program status l 


vord 




+ Operand 


Cycle C AC FO RSI RSO OV - 


P 


ADDA, Rn 


Add register 
to accumulator 


2X 


1/1 I 1 • • 






ADD A, direct 


Add direct byte 
to accumulator 


25 


2/1 I I • • 






ADD A, @Ri 


Add indirect RAM 
to accumulator 


26 
27 


1/1 I I • • 






ADD A, #data 


Add immediate data 
to accumulator 


24 


2/1 I 1 • • 






ADDC A, Rn 


Add register to 
accumulator with 
carry 


3X 


1/1 I I • • 






ADDC A, 
direct 


Add direct byte to 
accumulator with 
carry 


35 


2/1 I I • • 






ADDC A, @Ri 


Add indirect RAM to 
accumulator with 
carry 


36 
37 


1/1 I I • • 






ADDC A, 
#data 


Add immediate data 
to accumulator 
with carry 


34 


2/1 1 1 • € 






SUBBA, Rn 


Subtract register 
from accumulator 
with borrow 


9X 


1/1 I I • • 






SUBB A, direct 


Subtract direct byte 
from accumulator 
with borrow 


95 


2/1 1 I • • 






SUBB A, @Ri 


Subtract indirect RAM 
from accumulator 
with borrow 


96 
97 


1/1 I I • • 






SUBB A, #data 


Subtract immediate 
data from accumulator 
with borrow 


94 


2/1 1 I • • 






INC A 


Increment 
accumulator 


04 


1/1 • • • • 


• • 




INCRn 


Increment register 


OX 


1/1 • • • • 


• • 


• 
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Instruction Set 
Summary (1)(Continued) 

Arithmetic Operations 
(continued) 



+ Operand Operation 



Op 
Code Byte/ 
(Hex) Cycle 



Program Status Word 



AC FO RSI RSO OV - 



INC direct Increment direct byte 05 2/1 • • • • • • • 


iNC@Ri increment indirect 06 1/1 • • • • • • • 

RAM 07 


INC DPTR Increment data A3 i/2 • • • • • • • 

pointer 


DEC A Decrement 14 1/1 • • • • • • j 

accumulator 


DEC Rn Decrement register IX 1/1 •••••• • 


DEC direct Decrement direct 15 2/1 •••••• • 

byte 


DEC @Ri Decrement indirect 16 1/1 •••••• • 

RAM 17 


MULAB Multiply A and B A4 1/4 !••••! f 


DIVAB Divide A by B 84 1/4 I • • • • I I 


DA A Decimal adjust D4 1/1 I • • • • • I 
accumulator 



Mnemonics © Intel Corporation 1979 



Instruction Set 
Summary (2) 



Logical Operations 





Operation 


Code 
(Hex) 


Byte/ ProO'^am Status 


Word 


+ Operand 


Cycle C AC FO RSI RSO OV - P 


ANL A, Rn 


AND register to 
accumulator 


5X 


1/1 • • • « 


* • • I 


ANL A, direct 


AND direct byte 
to accumulator 


55 


2/1 • • • « 


► • • t 


ANLA, @Ri 


AND indirect RAM 
to accumulator 


56 
57 


1/1 • • • . 


• • I 


ANL A, #data 


AND immediate data 
to accumulator 


54 


2/1 • • • • 


• • I 


ANL direct, A 


AND accumulator 
to direct byte 


52 


2/1 • • • « 


• • • 


ANL direct, 
#data 


AND immediate data 
to a direct byte 


53 


3/2 • • • • 


» • • • 


ORLA, Rn 


OR register to 
accumulator 


4X 


1/1 • • • • 


• • I 


ORL A, direct 


OR direct byte 
to accumulator 


45 


2/1 • • • . 


• • I 


ORLA, @Ri 


OR indirect RAM 
to accumulator 


46 
47 


1/1 • • • . 


► • • I 


ORL A, #data 


OR immediate data 
to accumulator 


44 


2/1 • • • • 


• • I 


ORL direct, A 


OR accumulator 
to direct byte 


42 


2/1 • • • 1 


» • • • 


ORL direct, 
#data 


OR immediate data 
to direct byte 


43 


3/2 • . • • 


» • • • 


XRL A, Rn 


Exclusive-OR 
register to 
accumulator 


6X 


1/1 • • • 1 


• . . I 


XRL A, direct 


Exclusive-OR direct 
byte to accumulator 


65 


2/1 • • • i 


► • • I 
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Instruction Set 
Summary (2)(Continued) 



Logical Operations 
(continued) 



Instruction Set 
Summary (3) 



Data Transfer 



Code Byte/ Program Status Word 
+ Operand Operation (Hex) Cycle C AC FO RSI RSO OV 

o 

o 
or 

itor 

itor 

/ 

[tor 

itor 

]7 

:hin 

Mnemonics © Intel Corporation 1979 

Mnemonic Code Byte/ Program Status Word 

+ Operand Operation (Hex) Cycie C AC FO RSI RSO OV 

Move register 
to accumulator 

Move direct byte 
to accumulator 

Move indirect RAM 
to accumulator 

Move immediate 
data to accumulatoi 

Move accumulator 
to register 

Move direct byte 
to register 

Move immediate da 
to register 

Move accumulator 
to direct byte 

Move register to 
to direct byte 

Move direct byte 
to direct byte 

* MOV A, ACC is not a valid Instruction 



- P 



XRL A, @Ri 


Exclusive-OR 
indirect RAM to 
accumulator 


66 

67 


1/1 • • • 


• • • I 


XRL A, #data 


Exclusive-OR 
immediate data to 
accumulator 


64 


2/1 • • • 


• • • t 


XRL direct. A 


Exclusive-OR 
accumulator to 
direct byte 


62 


2/1 • • • 


• • • • 


XRL direct, 
#data 


Exclusive-OR 
immediate data to 
direct byte 


63 


3/2 • • • 


• • • • 


CLRA 


Clear accumulator 


E4 


1/1 • • • 


• • • t 


CPLA 


Complement 
accumulator 


F4 


1/1 • • • 


• • • • 


RLA 


Rotate accumulator 
left 


23 


1/1 • • • 


• • • • 


RLCA 


Rotate accumulator 
left through carry 


33 


1/1 I • • 


. . . I 


RRA 


Rotate accumulator 
right 


03 


1/1 •. • • 


• • • • 


RRCA 


Rotate accumulator 
right through carry 


13 


1/1 I • • 


• • • I 


SWAP A 


Swap nibbles within 
accumulator 


C4 


1/1 • • • 


• • • • 



MOV A, Rn 


Move register 
to accumulator 


EX 


1/1 • • • 




*MOV A, direct 


Move direct byte 
to accumulator 


E5 


2/1 • • • 




MOV A, @Ri 


Move indirect RAM 
to accumulator 


E6 
E7 


1/1 • • • 




MOV A, #data 


Move immediate 
data to accumulator 


74 


2/1 • • • 




MOV Rn, A 


Move accumulator 
to register 


FX 


1/1 • • • 




MOV Rn, direct 


Move direct byte 
to register 


AX 


2/2 • • • 




MOV Rn, #data 


Move immediate data 
to register 


7X 


2/1 • • • 




MOV direct, A 


Move accumulator 
to direct byte 


F5 


2/1 • • • 




MOV direct, Rn 


Move register to 
to direct byte 


8X 


2/2 • • • 




MOV direct, 
direct 


Move direct byte 
to direct byte 


85 


3/2 • • • 
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Instruction Set 
Summary (3)(Continued) 



Data Transfer 
(continued) 



Mnemonic 
+ Operand 



Operation 



Op 
Code 

(Hex) 



Byte/ 
Cycle 



Program Status Word 



AC FO RSI RSO OV - 



MOV direct, 
@Ri 


Move indirect RAM 
to direct byte 


86 
87 


2/2 • • • 




MOV direct, 
#clata 


Move immediate 
data to direct byte 


75 


3/2 • • • 




MOV@Ri, A 


Move accumulator to 
indirect RAM 


F6 
F7 


1/1 • • • 




MOV@Ri, 
direct 


Move direct byte 
to indirect RAM 


A6 
A7 


2/2 • • • 




MOV@Rf, 
#clata 


Move immediate data 
to indirect RAM 


76 
77 


2/1 • • • 




MOV DPTR, 
#data 16 


Load data pointer 
with a 16-bit constant 


90 


3/2 • • • 




MOVC A, 
@A+DPTR 


Move code byte 
relative to data 
pointer to 
accumulator 


93 


1/2 • • • 




MOVC A, 
@A+PC 


Move code byte 
relative to program 
counter to 
accumulator 


83 


1/2 • • • 




MOVX A, @Ri 


Move external RAM 
(8-bit addr) to 
accumulator 


E2 
E3 


1/2 • • • 




MOVX A, 
@DPTR 


Move external RAM 
(16-bit addr) to 
accumulator 


EO 


1/2 • • • 




MOVX @Ri, A 


Move accumulator to 
external RAM 
(8-bit addr) 


F2 
F3 


1/2 • • • 




MOVX 
@DPTR, A 


Move accumulator 
to external RAM (16- 
bitaddr) 


FO 


1/2 • • • 
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Instruction Set 
Summary (3)(Continued) 



Data Transfer (continued) 



FUJITSU 



Mnemonic 
+ Operand 



Operation 



Op 
Code 
(Hex) 



Byte/ 
Cycle 



Program Status Word 



AC FO RSI RSO OV - 



PUSH direct 


Push direct byte 
onto stack 


CO 


2/2 • • • 


• • • • 


POP direct 


Pop direct byte 
from stack 


DO 


2/2 • • • 


• • • • 


XCH A, Rn 


Exciiange register 
with accumulator 


CX 


1/1 • • • 


. . . I 


XCH A, direct 


Exchange direct byte 
with accumulator 


C5 


2/1 • • • 


. . . t 


XCH A, @Ri 


Exchange indirect 
RAM with 
accumulator 


C6 
C7 


1/1 • • • 


. . . t 


XCHD A, @Ri 


Exchange low-order 
digit indirect RAM 
with A 


D6 
D7 


1/1 • • • 


. . . t 



Boolean Variable Manipulation CLR C 



Clear carry flag 



C3 



1/1 



CLR bit 



Clear direct bit 



C2 



2/1 



SETBC 



Set carry flag 



D3 



1/1 



SETB bit 



Set direct bit 



D2 



2/1 



CPLC 



Complement carry 
flag 



B3 



1/1 



CPL bit 



Complement direct bit B2 



2/1 



ANL C, bit 



AND direct bit to 
carry flag 



82 



2/2 



ANL C, 1 bit 



AND complement of 
direct bit to 
carry flag 



BO 



2/2 



ORL C/bit 



OR direct bit to 
carry flag 



72 



2/2 



ORL C, 1 bit 



OR complement of 
direct bit to carry flag 



AO 



2/2 



MOV C/bit 



Move direct bit to 
carry flag 



A2 



2/1 



MOV bit, C 



Move carry flag to 
direct bit 



92 



2/2 
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Instruction Set 
Summary (4) 



Program and Machine Control 



Mnemonic 
+ Operand 



Operation 



Op 
Code 
(Hex) 



Byte/ 
Cycie 



Program Status Word 



AC FO RSI RSO OV - 



ACALLaddrH 


Absolute subroutine 
call 


*1 


2/2 • • 


CALL addr 


ACALLaddrH or 
LCALL addr 16 






LCALL addr 16 


Long subroutine call 


12 


3/2 • • • • • • • 


RET 


Return from 
subroutine 


22 


1/2 •••••• • 


RETI 


Return from interrupt 


32 


1/2 • • • • • • • 


AJMPaddrH 


Absolute jump 


*1 


2/2 • • • • • • • 


LJMPaddr 16 


Long jump 


02 


3/2 • • • • • • • 


SJMP rel 


Short jump 
(relative addr) 


80 


2/2 • 


JMP @A+DPTR Jump indirect relative 
to data pointer 


73 


1/2 • 


JZrel 


Jump if accumulator 
is zero 


60 


2/2 • • • • • • • 


JNZ rel 


Jump if accumulator 
is not zero 


70 


2/2 • 


JCrel 


Jump if carry flag 
is set 


40 


2/2 • • • • • • • 


JNC rel 


Jump if carry flag is 
not set 


50 


2/2 • • • • • • • 


JB bit, rel 


Jump if direct bit 
is set 


20 


3/2 • • 


JNB bit, rel 


Jump if direct bit is 
not set 


30 


3/2 • • 


JBC bit, rel 


Jump if direct bit is 
set & clear bit 


10 


3/2 • • • • • • • 


CJNEA, 
direct, rel 


Compare direct to 
accumulator & jump 
if not equal 


B5 


3/2 1 • 


CJNEA, 
#data, rel 


Compare immediate 
data to A &jump if 
not equal 


B4 


3/2 ! • 


CJNERn, 
#data, rel 


Compare immediate 
data to reg. &jump if 
not equal 


B6 
B7 


3/2 I • 


CJNE@Ri, 
#data, rel 


Compare immediate 
data to indirect RAM 
& jump if not equal 


BX 


3/2 I • • • • • • 


DJNZ Rn, rel 


Decrement register 
& jump if not zero 


DX 


2/2 • • • • • • • 


DJNZ direct, 
rel 


Decrement direct 
byte &jump if not 
zero 


D5 


3/2 •••••• • 


NOP 


No operation 


00 


1/1 • 
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Instruction Set 
Description (Continued) 



Notes on Data Addressing Modes: 

Rn — Working register R0-R7 (See Table 1 below) 

direct — 128 internal RAM locations, any I/O port, control status register 

@Ri — Indirect internal RAM location addressed by register RO or R1 

#data — 8-bit constant included in instruction 

#data 16 — 16-bit constant included as bytes 2 & 3 of instruction 

bit — 128 software flags, any I/O pin, control status bit 

Notes on Program Addressing l\/lodes: 

addr16 

addrll 

rel 



- Destination address for LCALL & LJMP nnay be anywhere within the 64K program 
memory address space. 

- Destination address for ACALL & AJMP will be within the same 2K page of program 
memory as the first byte of the following instruction. 

- SJMP and all conditional jumps include an 8-bit offset byte. Range is +127 to 
-128 bytes relative to first byte of the following instruction. 



Notes on Affecting Flag Setting: 

I — Affected (set or reset) 
• — Not affected 



Notes on Instruction Set Op Codes: 

1. See Table 1 for op code X. 

2. *The first 3 bits of op code are determined by operand (addr 11). 

Table 1 Op codes of Register Access Instructions 

Mnemonic 

+ Operand Rn RO Ri R2 R3 



R4 



R5 



R6 



R7 



ADD A, Rn 


28 


29 


2A 


2B 


20 


2D 


2E 


2F 


ADDCA, Rn 


38 


39 


3A 


3B 


30 


3D 


3E 


3F 


SUBBA, Rn 


98 


99 


9A 


9B 


90 


9D 


9E 


9F 


INCRn 


08 


09 


OA 


OB 


OO 


OD 


OE 


OF 


DEC Rn 


18 


19 


1A 


IB 


10 


ID 


1E 


IF 


ANLA, Rn 


58 


59 


5A 


5B 


50 


5D 


5E 


5F 


ORLA, Rn 


48 


49 


4A 


4B 


40 


4D 


4E 


4F 


XRLA, Rn 


68 


69 


6A 


7B 


60 


6D 


6E 


6F 


MOV A, Rn 


E8 


E9 


EA 


EB 


EC 


ED 


EE 


EF 


MOVRn, A 


F8 


F9 


FA 


FB 


FO 


FD 


FE 


FF 


MOV Rn, #data 


78 


79 


7A 


7B 


70 


7D 


7E 


7F 


MOV Rn, direct 


A8 


A9 


AA 


AB 


AO 


AD 


AE 


AF 


MOV direct, Rn 


88 


89 


8A 


8B 


80 


8D 


8E 


8F 


XCH A, Rn 


08 


09 


OA 


OB 


00 


OD 


OE 


OF 
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Instruction Set Description (Continued) 
Instruction Code Summary 



H 

L 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


c 


D 


E 


F 





NOP 


JBC 

bit, rel 


JB 
bit, rel 


JNB 
bit, rel 


r 

JC 

rel 


JNC 

rel 


JZ 
rel 


JNZ 

rel 


F 
SJMP 
rel 


MOV "^ 
DPTR,# 
^data 16 


ORL 
C, /bit 


ANL 
C, /bit 


PUSH 
dir 


POP 

dir 


MOVX 

A, 

@DPTR 


MOVX 
@ DPTR, 


1 


w 

AJMP 
^ (PO) 


f 
ACALL 
(PO) 


f 

AJMP 
^ (PI) 


ACALL 
(P1) 


W 
AJMP 
(P2) 


r 

ACALL 
^ {P2) 


f 
AJMP 
(P3) 


f 
ACALL 
(P3) 


AJMP 
(P4) 


ACALL 
(P4) 


AJMP 
(P5) 


r 

ACALL 
(P5) 


AJMP 
(P6) 


r 
ACALL 
(P6) 


► r 

AJMP ACALL 
(P7) (P7) 


2 


LJMP 
addrie 


LCALL 
addrie 


RET 


RETI 


f 
ORL 
dir, A 


ANL 
dir, A 


f 
XRL 
dir, A 


ORL 
L C, bit 


ANL 
C, bit 


f 
MOV 
bit, C 


MOV 
C, bit 


f 
CPL 
bit 


f 

CLR 

bit 


SETB 
bit 


MOVX 
A,@RO 


MOVX 
@R0, A 


3 


RR 
A 


RRC 
A 


RL 
A 


RLC 
A 


ORL 
dir, #data 


ANL 

dir, #data 


1 
XRL 
dir, #data 


JMP 
@A+DPTR 


MOVCA. 
@A+PC 


MOVCA. 
ffiA+DPTR 


INC 
DPTR 


CPL 
C 


CLR 

c 


SETB 

c 


MOVX MOVX 
A, @R1 @R1,A 


4 


INC 
A 


DEC 
A 


F 
ADD 
A, #data 


r 

ADDC 
A, #data 


f 

ORL 
A, #data 


f 

ANL 
A, #data 


w 

XRL 
A, #data 


V 

MOV 

A, #data 


DIV 
AB 

A 


f 
SUBB 
A, #data 


MUL 
AB 

A 


1 
CJNE, A, 
#data, rel 


SWAP 
A 


DA 
A 


CLR 
A 


CPL 
A 


5 


INC 

dir 


DEC 
dir 


r 

ADD 

A, dir 


r 

ADDC 
A, dir 


r 

ORL 

A, dir 


r 

ANL 
A, dir 


r 

XRL 

A, dir 


MOV 
dir, #data 


MOV 
dir, dir 


SUBB 
A, dir 




CJNE 
A, dir, rel 


F 

XCH 
A, dir 


DJNZ MOV MOV 
dir, rel A, dir dir, A 


6 


INC 
@R0 


DEC 
@R0 


ADD 
A,@RO 


ADDC 
A,@RO 


ORL 
A, @R0 


ANL 
A,@RO 


XRL 
A,@RO 


^ MOV 

@R0, 
#data 


MOV 
dir, @R0 


SUBB 
A,@RO 


MOV 
@R0, dir 


CJNE^^ 

@R0. 

^data, rel 


XCH 

A, @R0 


XCHD 
A,@RO 


MOV 
A, @R0 


MOV 
@RO,A 


7 


INC 
@R1 


DEC 
@R1 


ADD 

A, @R1 


ADDC 
A,@R1 


ORL 

A, @R1 


ANL 

A,@R1 


XRL 
A, @R1 


^ MOV 

@R1. 
#data 


MOV 
dir, @R1 


SUBB 
A,@R1 


MOV 
@R1,dir 


CJNE^ 

@R1. 

^data, rel 


XCH 

A,@R1 


XCHD 
A,@R1 


MOV 

A, @R1 


MOV 
@R1,A 


8 


INC 
RO 


DEC 
RO 


ADD 
A, RO 


ADDC 
A, RO 


ORL 
A, RO 


ANL 
A, RO 


XRL 
A, RO 


f 

MOV 
RO, #data 


MOV 
dir, RO 


SUBB 
A, RO 


MOV 
RO, dir 


fcJNE^ 
RO, #data. 


XCH 
A, RO 


r 

DJNZ 
RO, rel 


MOV 
A, RO 


MOV 
RO, A 


9 


INC 

R1 


DEC 
R1 


ADD 
A, R1 


ADDC 
A, R1 


ORL 
A, R1 


ANL 
A. R1 


XRL 
A, R1 


r 

MOV 
R1, #data 


f 
MOV 
dir, R1 


SUBB 
A, R1 


MOV 
R1,dir 


CJNE^ 
R1,#data, 
^ rel 


XCH 
A, R1 


f 
DJNZ 
R1, rel 


MOV 
A, R1 


MOV 
R1,A 


A 


INC 
R2 


DEC 
R2 


ADD 
A, R2 


ADDC 
A, R2 


ORL 
A, R2 


ANL 
A, R2 


XRL 
A, R2 


r 

MOV 
R2, #data 


MOV 
dir, R2 


SUBB 
A, R2 


MOV 
R2, dir 


CJNE^ 
R2,#data, 
. rel 


XCH 
A, R2 


r 

DJNZ 
R2, rel 


MOV 
A, R2 


MOV 
R2, A 


B 


INC 

R3 


DEC 
R3 


ADD 
A, R3 


ADDC 
A, R3 


ORL 
A, R3 


ANL 
A, R3 


XRL 
A, R3 


MOV 

R3, #data 


MOV 
dir, R3 


SUBB 
A.R3 


MOV 
R3, dir 


Njne^ 

R3,#data, 


XCH 
A, R3 


F 
DJNZ 
R3, rel 


MOV 
A, R3 


MOV 
R3, A 


C 


INC 
R4 


DEC 
R4 


ADD 
A, R4 


ADDC 
A, R4 


ORL 
A, R4 


ANL 
A, R4 


XRL 
A, R4 


r 

MOV 
R4, #data 


MOV 
dir, R4 


SUBB 
A, R4 


MOV 
R4, dir 


CJNE^ 
R4,#data, 


XCH 
A, R4 


f 
DJNZ 
R4, rel 


MOV 
A,R4 


MOV 
R4, A 


D 


INC 

R5 


DEC 
R5 


ADD 
A, R5 


ADDC 
A, R5 


ORL 
A, R5 


ANL 
A, R5 


XRL 
A, R5 


w 

MOV 
R5, #data 


MOV 
dir, R5 


SUBB 
A, R5 


MOV 
R5, dir 


CJNE^^ 
R5, #data. 


XCH 
A, R5 


r 

DJNZ 
R5, rel 


MOV 
A, R5 


MOV 
R5,A 


E 


INC 
R6 


DEC 
R6 


ADD 
A, R6 


ADDC 
A, R6 


ORL 
A, R6 


ANL 
A, R6 


XRL 
A, R6 


r 

MOV 
R6, #data 


MOV 
dir, R6 


SUBB 
A, R6 


MOV 
R6, dir 


cjne'^ 

R6, #data, 
^ rel 


XCH 
A, R6 


f 
DJNZ 
R6, rel 


MOV 
A, R6 


MOV 
R6, A 


F 


INC 
R7 


DEC 
R7 


ADD 
A, R7 


ADDC 
A,R7 


ORL 
A, R7 


ANL 
A, R7 


XRL 
A, R7 


r 

MOV 
R7, #data 


MOV 
dir, R7 


SUBB 
A, R7 


MOV 
R7, dir 


CJNE^^ 
R7, #data, 


XCH 
A, R7 


f 
DJNZ 
R7, rel 


MOV 
A, R7 


MOV 
R7,A 



2 Byte 
2Cycle 



Boolean Manipulation 



3 Byte 
4Cycle 
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Absolute Maximum 
Ratings 



Rating 



Parameter 


Symboi 


Iflin. 


Iffax. 


Unit 


Supply Voltage 


Vcc 


Vss-0.3 


Vss+7.0 


V 


Input Voltage 


V,N 


Vss-0.3 


Vss+7.0 


V 


Output Voltage 


VOUT 


Vss-0.3 


Vss+7.0 


V 


Power Dissipation 


Pd 




1.5 


w 


Operating Ambient Temperature 


Ta 





+70 


°c 


Storage Temperature 


Tstg 


-55 


+150 


°c 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATIhJGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



Recommended Operating 
Conditions 



Vaiue 



Parameter 


Symbol 


Min. 


tVp- 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 









V 


Operating Ambient Temperature 


Ta 







+70 


°G 
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DC Characteristics 

(VcG = 5V±10%, 

Vss = OV, Ta = 0°C to TO'-C) 



Value 



Parameter 



Pin 



Symbol Min. 



Max. 



Unit 



Test 
Conditions 



Input High 
Voltage 


All Inputs except 
RSTandXTAL2 


V,H 


2.0 


Vcc+0.5 


V 




RSTanclXTAL2 


V|H1 


2.5 


Vcc+0.5 


V 


XTAL1=0V 


Input Low 
Voltage 




V,L 


Vss-0.3 


0.8 


V 




Power-Down 
Voltage 


VPD 


VpD 


4.5 


5.5 


V 


Vcc = OV 


Output High 


Ports 1,2, 3 


VOH 


2.4 




V 


loH=-80M 


Voltage 


Port 0, ALE, PSEN 


V0H1 


2.4 




V 


loH=-400M 


Output Low 


Ports 1,2, 3 


Vol 




0.45 


V 


loL=1-6mA 


Voltage 


Port 0, ALE, PSEN 


VoL1 




0.45 


V 


loL=3.2mA 


Low Level 


Ports 1,2,3 


l|L 




-500 


M 


V|N=0.45V 


Input Leakage 
Current 


XTAL2 


'lL2 




-3.2 


mA 


XTAL1=0V. 
VIN=0.45V 


High Level 
Input Leakage 
Current 


RST 


l|H1 




500 


M 


V,N<Vcc-1-5V 


Input Leakage 
Current 


Port 0, EA 


ILI 


-10 


+10 


M 


0.45V<V,N<Vcc 


Power Supply 
Current 


Vcc 


•cc 




125 


mA 


All outputs open; 
EA = Vcc 


Power-Down 
Current 


VPD 


IPD 




10 


mA 


Vcc = OV. 
VpD = 5V 


Capacitance of 
I/O Buffer 




Cio 




10 


PF 


fc=1.0MHz, 



Note: Capacitive loading on Ports and 2 may cause spurious noise pulses to be superimposed on the VOLs of 
ALE and Ports 1 and 3. The noise Is due to external bus capacitance discharging into the Port and Port 2 pins 
when these pins make 1-to-O transitions during bus operations. In the worst cases, the noise pulse on the ALE line 
may exceed 0.8V. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch 
with a Schmitt Trigger STROBE input. 
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AC Characteristics 

(Vcc = 5V±10%.Vss = 0V; 
Ta = 0°C to 70°C, Cl = 1 0OpF 
for Porto, ALE and PSEN 
outputs. Cl = 80pF for all other 
outputs) 



External Program Memory Ciiaracteristics 

fC8l2MH» 

Parameter Symbol MIn. Max. Unit Min. 



fC3 3.5MHxto12MHz 



Max. 



Unit 



Oscillation Period 


TCLCL 


83 




ns 


1 /to (Max.) 


1/fc(Min.) 


Cycle Time 


TCY 


1.0 




yUS 


12TCLCL 
(MIn.) 


12TCLCL 
(Max.) 


ALE Pulse Width 


TLHLL 


127 




ns 


2TCLCL-40 


ns 


Address Setup Time 
(To ALE) 


TAVLL 


43 




ns 


TCLCL-40 


ns 


Address Hold Time 
(After ALE) 


TLLAX 


48 




ns 


TCLCL-35 


ns 


Instr In Delay Time 
(After ALE) 


TLLIV 




233 


ns 




4TCLCL-100 ns 


ALE to PSEN 


TLLPL 


58 




ns 


TCLCL-25 


ns 


PSEN Pulse Width 


TPLPH 


215 




ns 


3TCLCL-35 


ns 


Instr In Delay Time 
(After PSEN) 


TPLIV 




125 


ns 




3TCLCL-125 ns 


Input Instr Hold Time 
(After PSEN) 


TPXIX 







ns 





ns 


Input Instr Float Time 
(After PSEN) 


TPXIZ 




63 


ns 




TCLCL-20 ns 


Address Delay Time 
(After PSEN) 


TPXAV 


75 




ns 


TCLCL-8 


ns 


Input Instr Delay Time 
(After Address) 


TAVIV 




302 


ns 




5TCLCL-115ns 


Address Float Time 


TPLAZ 




20 


ns 




20 ns 


(To PSEN) 


External Data Memory Characteristics 


RD Pulse Width 


TRLRH 


400 




ns 


6TCLCL-100 


ns 


WR Pulse Width 


TWLWH 


400 




ns 


6TCLCL-100 


ns 


Address Hold Time 
(After ALE) 


TLLAX 


48 




ns 


TCLCL-35 


ns 


Data In Delay Time 
(After RD) 


TRLDV 




252 


ns 




5TCLCL-165 ns 


Data Hold Time 
(After RD) 


TRHDX 







ns 





ns 


Data Float Time 
(After RD) 


TRHDZ 




97 


ns 




2TCLCL-70 ns 


Data In Delay Time 
(After ALE) 


TLLDV 




517 


ns 




8TCLCL-150 ns 


Data In Delay Time 
(After Address) 


TAVDV 




585 


ns 




9TCLCL-165 ns 


ALEToRDorWR 


TLLWL 


200 


300 


ns 


3TCLCL-50 


3TCLCL+50 ns 


Address Setup Time 
(ToRDorWR) 


TAVWL 


203 




ns 


4TCLCL-130 


ns 


RDorWRHigh 
To ALE High 


TWHLH 


43 


123 


ns 


TCLCL-40 


TCLCL+40 ns 



1 
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AC Characteristics 

(Vcc = 5V ±10%,Vss = 
OV; Ta = 0°C to 70°C, Cl = 
100pF for Port 0, ALE and 
PSEN outputs, Cl = 80pF for 
all other outputs) 



External Data Memory Characteristics (Continued) 

fc = 12MHz fcs 3.5MHz to 12 MHz 



Parameter 


Symbol 


Min. 


Max. 


Unit 


Min. Max. 


Unit 


DataJ/alid 

To WR Transition 


TQVWX 


23 




ns 


TCLCL-60 


ns 


Data Setup Time 
(Before WR) 


TQVWH 


433 




ns 


7TCLCL-150 


ns 


Data Hold Time 
(After WR) 


TWHQX 


33 




ns 


TCLCL-50 


ns 


Address Float Time 
(After RD) 


TRLAZ 




20 


ns 


20 


ns 



External Program 
Memory Read Cycle 
Timing Diagram 



TAVLL 
PORT INSTR II 




External Data 
Memory Read Cycle 
Timing Diagram 




^;i 



ADDRESS 
OR SFR-P2 ^ 



:n: 



U— TLLAX--»>j 



^fc 



y. 



Jr 



m.* 



ADDRESS A8-A15 OR SFR-P2 



External Data 
Memory Write Cycle 
Timing Diagram 



PSEN 
WR 
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External Clock Drive 
Characteristics 



fc = 3.5 MHz to 12 MHz 



Parameter 


Symbol 


Min. 


Max. 


Unit 


Oscillation Frequency 


1/TCLCL 


3.5 


12 


ns 


High Time 


TCHCX 


20 




ns 


Low Time 


TCLCX 


20 




ns 


Rise Time 


TCLCH 




20 


ns 


Fall Time 


TCHCL 




20 


ns 



External Clock 
Timing Diagram 



U TCHCX — -^ TCLCH M ^ — tA U— TCHC 



AC Testing Input/Output 
and Float Waveforms 



INPUT/OUTPUT 



'■' V /To ?0\ r '■* a r 2.0 2.0. C 2.4 

V TEST POINTS y ) f 
0.45— AiO;2 — IsA— 0.45 =f0« °-«^C 0.45 

AC inputs during testing are driven at 2.4V for a logic "1" and 0.45V for a logic "0". Timing measurements are 
madeat2.0Vforalogic"1"and0.8Vforalogic"0". For timing purposes, the float state is defined as the point at 
which a PO pin sinks 3.2mA or sources 400^fA at the voltage test levels. 



Oscillator Configurations 



•Crystal Oscillator 



•External Clock Drive 









XTAL1 
XTAL2 




Xtal CD 
T 






- 




-C2 


MBL8051AH 
MBL8051AH 






^ss 


/// 




1 





External 
Oscillator ^ 
Clock 



WTZa 



MBL8051AH 
MB L 8051 AH 



CI = C2 = 30pF ± lOpF 
Xtal = Crystal Resonator 
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Serial Port Timing* 
Siiift Register iffode 



(Test Conditions: Vqc = 5V + 1 0%, Vss = OV. Ta = 


0°C to 70X, Cl = 80 pF) 




Symbol 


Parameter 


fc = 12MHz 


fc = 3.5MHz to 12MHz 


Units 


Min 


Max 


Min 


Max 


TXLXL 


Serial Port Clock Cycle Time 


1.0 




12TCLCL 




JLtS 


TQVXH 


Output Data Setup to Clock Rising Edge 


700 




10TCLCL-133 




ns 


TXHQX 


Output Data Hold After Clock Rising Edge 


50 




2TCLCL-117 




ns 


TXHDX 


Input Data Hold After Clock Rising Edge 












ns 


TXHDV 


Clock Rising Edge to Input Data Valid 




700 


. _,., 


10TCLCL-133 


ns 



Serial Port Timing Diagram 



INSTRUCTION |o|l |2(3|4| 5|6|7|8J 

_I^J^J^J^J^J^J^J1_^J^J^J1J1J1J1J^J^J1- 

1 TXLXL , 


r 


1 


CLOCK 1 


1 1 1 1 1 1 1 m n 1 r"i r 

1 




OUTPUT DATA Vo^lX 2X3X4X5X6X7/ 


WRITE TO SERIAL BUFFER 

TXHDV 


^ -|-^[— TXHDX sETTI 


INPUT DATA yv.uoX Xv-.oX Vv^uoX ^v^uoX Xv.uoX Xv«-X X^^X X^^X 


CLEAR Rl f 

SET Rl 
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Package Dimensions 

Dimensions in inches 
(millimeters) 



40-Lead Ceramic 
(IMetal Seal) 
Dual in-Line Pacicage 
(Case No.: DIP-40C-A01) 



R. 050(1. 27) 
REF^ 



C^ 



.585(14.86) 
.605(15.38) 

.590( 



0° to 9° 

A 



?(0.20)/ 



■008(0.2 
.012(0.30) 



FUJITSU 



^ 



-. 060(1. 52)MAX 





1.900(48.26)REF 

© 1986 FUJITSU LIMITED D40006S-1C 



177(4.50)MAX 



.040(1.02) 
.060(1 .53) 



40-Lead Plastic 
Dual in-Line Package 
(Case No.: DIP-40P-M01) 

xinnnnnnnnnnnnnnnnnnn 




(EJECTOR MARK) 



uuuuuuuuuuuuuuuuuuuu 

2.045(51.95) 



2.071 (52.60) 



.533(13.55) 
.553(14.05) 



15° MAX. 



L 



.590(14.99) 
.610(15.49) 



M0.20) / 



.008(0.2 
.012(0.30) 



-.090(2.29)MAX 




.070(1.77) " .021(0.54) 

© 1 985 FUJITSU LIMITED D40005S-1 C 



95(4.96)MAX 



.020(0.51 )MIN 
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Advanced Products 



FUJITSU 



MBL80C49H/N 
MBL80C39H/N 

CMOS Single-Chip 
8-Bit Microcomputer 



November 1 984 
Edition 1 .0 



Description 



The Fujitsu MBL80C49/MBL80C39 is a totally self-contained 
8-bit single-chip microcomputer fabricated with silicon-gate 
CMOS technology. The MBL80C49 has an 8-bit MPU, a 2K x 8 
ROM program memory, and 128 x 8 RAM data memory, 27 I/O 
ports, an 8-bit timer/counter, and clock generator on chip. The 
MBL80C39 is identical to the MBL80C49 except without internal 
program memory. It can be used with external memory for 
system prototyping and preproduction systems. 

The design is optimized for low cost and high performance 
applications because the MBL80C49/MBL80C39 is fabricated on 
a single silicon chip and can be used for applications that 
require additional expansion of ROM, RAM, I/O ports, and so on. 

This microcomputer permits external program operation and 
single-step operation. Low power applications are possible by 
using the standby-mode feature. The software is upward 
compatible with the MBL8049/MBL8039 and Intel 8049/8039. 

The MBL80C49/MBL80C39 uses a single power supply of +5V. It 
is packaged in a 40-pin DIP or a 48-pin Flat Package. Operation 
of N version (6 MHz) is guaranteed over the range of -40°C to 
+85°C, and H version (11 MHz), 0°C to +70°C. 



Features 

■ Easily Expandable Memory 
and I/O 

■ On-chip Clock Generator 
(or External Clock) 

■ Single-level Interrupt 
Capability 

■ Single-step Operation 
Capability 

■ External Program Mode 
Capability 

■ Low-power Standby Mode 
Capability by HALT and 
STOP instructions 

■ Single +5V Power Supply 

■ Silicon-gate CMOS 
Technology 

■ Standard 40-pin DIP 
(Ceramic/Plastic) 

■ Standard 48-pin Flat 
Package 

■ Compatible with Intel 
8049/8039 and Fujitsu 
MBL8049/MBL8039 

Portions reprinted by permission of Intel Corporation Copyright © 1983 Intel Corporation. 
Compilation and additional materials Copyright f 1985 by Fujitsu Limited, Tokyo, Japan, and 
Fujitsu Microelectronics, Inc., Santa Clara, California, U.S.A. Fujitsu Limited is a licensee of Intel 
Corporation and authorized to produce alternate source products. 
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■ 8-bit Single-chip 
Microcomputer 

■ 12-bit Addressing 

■ 98 Instructions (232 
Instruction Codes): 70% of 
Instructions are Single Byte. 

■ 2.5 fjts Instruction Cycle for 
N version, 1.36 /l/s instruction 
cycle for H version: All 
instructions are 1 or 2 cycle. 

■ ALU Functions: Addition, 
Decimal Adjust Addition, 
and Logic Operations 

■ 2K X 8-bit ROM 

■ 128 X 8-bit RAM 

■ 8-level Stack 

■ 8 pairs of Working Registers 

■ 8-bit Interval Timer/Event 
Counter 

■ 27 I/O Lines: Two 8-bit I/O 
Ports, One Data Bus, Two 
Test Pins and One Interrupt 
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(FPT-48P-M02) ~ 


— 































































MBL80C49H/N 
MBL80C39H/N 



Pin Assignment 





40-PIN DIP 




TOC 


7"^^^ 


40 


=lVcc 


XTAL1 CZ 


2 


39 


Uti 


XTAL2 IZ 


3 


38 


I]P27 


RESET l_: 


4 


37 


I]P26 


ssc 


5 


36 


=1P25 


iNf C 


6 


35 


=IP24 


eaC 


7 


34 


=1P17 


rdC 


8 


33 


=]P16 


psenL. 


9 


32 


=IP15 


wrC 


10 TOP 


31 


D P14 


alec 


11 ^'^^ 


30 


ZIP13 


DBOC 


12 


29 


Z1P12 


DBIC 


13 


28 


ZIP11 


DB2 CI 


14 


27 


HPio 


DB3[Z 


15 


26 


ZISR 


DB4C: 


16 


25 


H PROG 


DB5(Z 


17 


24 


H P23 


DB6IZ 


18 


23 


H P22 


DB7C: 


19 


22 


IIP21 


VssC 


20 


21 


3 P20 



48-PIN FLAT PACK 





1 P20 

INC 

IVss 

lUB/ 


lUBb 
INC 

inB4 




Logic Symbol 



RESET 
SINGLE STEP 




INTERRUPT 
STANDBY RELEASE 



MBL80C4gH/N 
MBL80C39H/N 



CO- 

O— ► READ 
WRITE 



O ► PROGRAM 

STORE 
ENABLE 

-*- ADDRESS 
LATCH 
ENABLE 

—►PORT 

EXPANDER 
STROBE 
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Block Diagram 




CO 





MULTIPLEXER | 




o 
u 


REGISTER 




REGISTER 1 




REGISTER 2 




REGISTER 3 




REGISTER 4 




REGISTER 5 




REGISTER 6 




REGISTER 7 




8 LEVEL STACK 
(VARIABLE LENGTH) 


OPTIONAL SECOND 
REGISTER BANK 


DATA STORE 



RESIDENT 

RAM ARRAY 

(128 X 8) 



Pin Description 



Symbol 


Namo 


Pin No.* 


Type 


Function 


Vcc 


Power Supply 


40 (18) 


— 


Main power supply; +5V during operation. 


Vss 


Ground 


20 (42) 


— 


Circuit GND potential. 


XTAL1 


Crystal 1 


2(21) 


1 


One side of crystal input for internal oscillator. 
Also input for external source. (Non-TTL 
level input) 


XTAL2 


Crystal 2 


3(22) 


1 


Other side of crystal input. 


PROG 


Program 


25 (48) 


o 


Output Strobe for MBL82C43 I/O expander. 


P10-P17 


Portr* 


27-34 

(3-6, 

8-11) 


I/O 


8-bit quasi-bidirectional port. 



P20-P23 



P24-P27 



Port 2** 



21-24 
(44-47) 

35-38 
(13-16) 



I/O 



8-bit quasi-bidirectional port. 

P20-P23 contain the four high order program 
counter bits during an external program 
memory fetch and serve as a 4-bit I/O expander 
bus for MBL82C43. 
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Pin Description 

(Continued) 



Symboi Name 



Pin No.* IVpe Function 



DB0-DB7 Data Bus 



12-19 

(33-37, 

39-41) 



I/O 



True bidirectional port which can be written or 
read synchronously using the RD, WR strobes. 
The port can also be statically latched. 

Contains the 8 low order program counter bits 
during an external program memory fetch, and 
receives t he add ressed instruction under the 
control of PSEN. Also contains the address and 

data during an external RAM data store 

instruction under control of ALE, RD, and WR. 



TO 



TestO 



1 (20) 



I/O 



Input pin testable using the conditional transfer 
instructions JTO and JNTO. TO can be 
designated as a clock output using ENTO CLK 
instruction. 



T1 



Testi 



39(17) 



Input pin testable uising the JT1, and JNT1 
instructions. Can be designated as the event 
counter input using the STRT CNT instruction. 



ttjY Interrupt 

"^ ' Request 



6(25) 



Interrupt input. Initiates an interrupt if interrupt 
is enabled. Interrupt is disabled after a reset. 
(Active low). 

Interrupt must remain low for at least 3 machine 
cycles to ensure proper operation. 



RESET Reset* 



4(23) 



Input used to initialize the processor. (Active low) 
(Non-TTL level input) 



RD 



Read 



8(27) 



Output strobe activated during a BUS read. Can 
be used to enable data onto the BUS from an 
external device. (Active low) 

Used as a read strobe to external data memory. 



WR Write 



10(30) 



Output strobe during a BUS write. (Active low) 
Used as write strobe to external data memory. 



ALE 



Address 
Latch Enable 



11 (31) 



This signal occurs once during each cycle and 
is useful as a clock output. 

The negative edge of ALE strobes address into 
external data and program memory. 



PSEN 



Program 
Store Enable 



9(29) 



This output occurs only during a fetch to 
external program memory. (Active low) 



SS 



Single Step** 5 (24) 



Single step input can be used in conjunction 
with ALE to "single step" the processor through 
each instruction. (Active low) 



EA 



External 
Access 



7(26) 



External Access forces all program memory 
fetches to reference external memory. Useful for 
emulation and debug, and essential for testing 
and program verification. 
(Active high) 



SR 



Standby 
Release** 



26(2) 



This is the control input for standby operation. 
A low level on this input releases the MPU from 
the standby mode. 



Note: 'Bracketed value is applied to Flat Package. 
**These pins are internally pulled up. 
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Functional Description 



Architecture 

The following sections break 
the MBL80C49 into function 
blocks and describe each in 
detail. See Block Diagram. 

Arithmetic Section 

The arithmetic section of the 
processor contains the basic 
data manipulation functions of 
the MBL80C49 and can be 
divided into the following 
blocks: 

• Arithmetic Logic Unit (ALU) 

• Accumulator 

• Carry Flag 

• Instruction Decoder 

In a typical operation, data 
stored in the accumulator is 
combined in the ALU with data 
from another source on the 
internal bus (such as a register 
or I/O port). The result is stored 
in the accumulator or another 
register. 

The following is a detailed 
description of the function of 
each block. 

Instruction Decoder 

The operation code (op code) 
portion of each program 
instruction is stored in the 
Instruction Decoder and 
converted to outputs which 
control the function of each of 
the blocks of the Arithmetic 
Section. These lines control 
the source of data and the 
destination register as well as 
the function performed in the 
ALU. 

Arithmetic Logic Unit 

The ALU accepts 8-bit data 
words from one or two sources 
and generates an 8-bit result 
under control of the Instruction 
Decoder. The ALU can perform 
the following functions: 

• Add With or Without Carry 

• AND, OR, Exclusive OR 

• Increment/Decrement 

• Bit Complement 

• Rotate Left, Right 

• Swap Nibbles 

• BCD Decimal Adjust 



If the operation performed by 
the ALU results in a value 
represented by more than 
8 bits (overflow of most 
significant bit), a Carry Flag is 
set in the Program Status 
Word. 

Accumulator 

The accumulator is the single 
most important data register in 
the processor, being one of the 
sources of input to the ALU 
and often the destination of the 
result of operations performed 
in the ALU. Data to and from 
I/O ports and memory also 
normally passes through the 
accumulator. 

Program ly/lemory 

Resident program memory 
consists of 2048 words eight 
bits wide which are addressed 
by the program counter. In the 
MBL80C49 the memory is ROM 
which is mask programmable 
at the factory. The MBL80C39 
has no internal program 
memory and is used with 
external memory devices. 
Program code is completely 
interchangeable among the 
various versions. To access the 
upper 2K of program memory 
in the MBL80C49, a select 
memory bank and a JUMP or 
CALL instruction must be 
executed to cross the 2K 
boundary. 

There are three Program 
Memory locations of special 
importance as shown in Fig. 1. 

Location 

Activating the Reset line of the 
processor causes the first 
instruction to be fetched from 
location 0. 

Location 3 

Activating the Interrupt input 
line of the processor (if 
interrupt is enabled) causes a 
jump to subroutine at location 
3. 

Location 7 

A timer/counter interrupt 
resulting from timer/counter 
overflow (if enabled) causes a 
iumo to subroutine at location 
7 



Therefore, the first instruction 
to be executed after initializa- 
tion is stored in location 0, the 
first word of an external inter- 
rupt service subroutine is 
stored in location 2, and the 
first word of a timer/counter 
service routine is stored in 
location 7. Program memory 
can be used to store constants 
as well as program instructions. 
Instructions such as MOVP 
and M0VP3 allow easy access 
to data "look-up" tables. 

Data IVIemory 

Resident data memory is 
organized as 128 words 
8-bits wide in the 
MBL80C49/MBL80C39. All 
locations are indirectly 
addressable through either of 
two RAM Pointer Registers 
which reside at address and 
1 of the register array. In 
addition, as shown in Fig. 2, 
the first 8 locations (0-7) of 
the array are designated as 
working registers and are 
directly addressable by several 
instructions. Since these 
registers are more easily 
addressed, they are usually 
used to store frequently 
accessed intermediate results. 
The DJNZ instruction makes 
very efficient use of the 
working registers as program 
loop counters by allowing the 
programmer to decrement and 
test the register in a single 
instruction. 

By executing a Register Bank 
Switch instruction (SEL RB) 
RAM location 24-31 are 
designated as the working 
registers in place of locations 
0-7 and are then directly 
addressable. This second bank 
of working registers may be 
used as an extension of the 
first bank or reserved for use 
during interrupt service 
subroutines allowing the 
registers of Bank used in the 
main program to be instantly 
"saved" by a Bank Switch. Note 
that if this second bank is not 
used, locations 24-31 are still 
addressable as general purpose 
RAM. Since the two RAM 
pointer Registers RO and R1 
are a part of the working 
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Functional Description 

(Continued) 



effectively creates two more 
pointer registers (RO/ and R1/) 
which can be used with RO and 
R1 to easily access up to four 
separate working areas in RAM 
at one time. RAM locations 
(8-23) also serve a dual role in 
that they contain the program 
counter stack. These locations 
are addressed by the Stack 
Pointer during subroutine calls 
as well as by RAM Pointer 
Registers RO and R1. If the 
level of subroutine nesting is 
less than 8, all stack registers 
are not required and can be 
used as general purpose RAM 
locations. Each level of 
subroutine nesting not used 
provides the user with two 
additional RAM locations. 

Input/Output 

The MBL80C49 has 27 lines 
which can be used for input or 
output functions. These lines 
are grouped as 3 ports of 8 
lines each which serve as 
either inputs, outputs of 
bidirectional ports and 3 "test" 
inputs which can alter program 
sequences when tested by 
conditional jump instructions. 

Ports 1 and 2 

Ports 1 and 2 are each 8 bits 
wide and have identical 
characteristics. Data written to 
these ports is statically latched 
and remains unchanged until 
rewritten. As input ports these 
lines are non-latching, i.e., 
inputs must be present until 



read by an input instruction. 
Inputs are fully TTL compatible 
and outputs will drive one 
standard TTL load. 

The lines of ports 1 and 2 are 
called quasi-bidirectional 
because of special output 
circuit structure which allows 
each line to serve as an input, 
and output, or both even 
though outputs are statically 
latched. Each line is 
continuously pulled up to Vcc 
through a resistive device of 
relatively high impedance. 

This pullup is sufficient to 
provide the source current for 
a TTL high level yet can be 
pulled low by a standard TTL 
gate thus allowing the same 
pin to be used for both input 
and output. To provide fast 
switching times in a "0" to "1" 
transition to relatively low 
impedance device is switched 
in momentarily («=1/5 of a 
machine cycle) whenever a "1" 
is written to the line. When a 
"0" is written to the line a low 
impedance device overcomes 
the light pullup and provides 
TTL current sinking capability. 
Since the pulldown transistor 
is a low impedance device a "1 " 
must first be written to any line 
which is to be used as an input. 
Reset initializes all lines to the 
high impedance "1" state. 

It is important to note that the 
ORL and ANL are read/write 
operations. When executed, 



the //C "reads" the port, 
modifies the data according to 
the instruction, then "writes" 
the data back to the port. The 
"writing" (essentially an OUTL 
instruction) enables the low 
impedance pullup momentarily 
again even if the data was 
unchanged from a "1". This 
specifially applies to the 
configurations that have inputs 
and outputs mixed together on 
the same port. 

Bus 

Bus is also an 8-bit port which 
is a true bidirectional port with 
associated input and output 
strobes. If the bidirectional 
feature is not needed, Bus can 
serve as either a statically 
latched output port or non- 
latched input port. Input and 
output lineson this port cannot 
be mixed however. 

As a static port, data is written 
and latched using the OUTL 
instruction and inputted using 
the INS instruction. The INS 
and OUTL instructions 

generate pulses on the 

corresponding RD and WR 
output strobe lines; however, in 
the static port mode they are 
generally not used. As a 
bidirectional port the MOVX 
instructions are used to read 
and write the port. A write to 
the port generates a pulse on 
the WR output line and output 
data is valid at the trailing edge 

of WR. A read of the port 

generates a pulse on the RD 



Figure 1. Program Memory Map 



Figure 2. Data Memory Map 



BM 



SEL MB1 
SEL MBO 



LOCATION 7 — 
TIMER INTERRUPT 
VECTORS 
PROGRAM HERE 

LOCATION 3- 
EXTERNAL 
INTERRUPT 
VECTORS 
PROGRAM HERE 

RESET VECTORS 
PROGRAM HERE 



32 


USER RAM 
96x8 


31 


BANK 1 WORKING 
REGISTERS 8 x 8 


24 


R1' 
RO' 


23 
8 


8 LEVEL STACK 

OR 

USER RAM 

16x8 


7 


BANK WORKING 
REGISTERS 8x8 




R1 


n 


RO 



DIRECTLY 

ADDRESSABLE 

WHEN BANK 1 

IS SELECTED 

^ i I 



ADDRESSED 
INDIRECTLY 
THROUGH 
R1 OR RO 
(RO' OR Rl) 



I I 

DIRECTLY 

ADDRESSABLE 

WHEN BANK 

IS SELECTED 

^ \ 1 



IN ADDITION RO OR Rl (RO' OR Rl') 
MAY BE USED TO ADDRESS 256 
WORDS OF EXTERNAL RAM. 



FUJITSU 



2-91 



MBL80C49H/N 
MBL80C39H/N 



Functional Description 

(Continued) 



output line and input data must 
be valid at the trailing edge of 
RD. When not being written or 
read, the BUS lines are in a 
high impedance state. 

Test and INT Inputs 

Three pins serve as inputs and 
are testable with the 
conditional jump instr uctio n. 
These are TO, T1, and INT. 
These pins allow inputs to 
cause program branches 
without the necessity to load 
an input port into the 
accu mulator. The TO, T1, and 
INT pins have other possible 
functions as well. See the pin 
description in page 3. 

Program Counter and Stack 

The Program Counter is an 
independent counter while the 
Program Counter Stack is 
implemented using pairs of 
registers in the Data Memory 
Array. Only 11 bits of the 
Program Counter are used to 
address the 2048 words of 
on-board program memory of 
the MBL80C49, while the most 
significant bits can be used for 
external Program Memory 
fetches. See Fig. 3. The 
Program Counter is initialized 
to zero by activating the Reset 
line. 

An interrupt or CALL to a sub- 
routine causes the contents of 
the program counter to be 
stored in one of the 8 register 
pairs of the Program Counter 
Stack as shown in Fig. 7. The 
pair to be used is determined 
by a 3-bit Stack Pointer which 
is part of the Program Status 
Word (PSW). 

Data RAM locations 8-23 are 
available as stack registers and 
are used to store the Program 
Counter and 4 bits of PSW as 
shown in Fig. 7. The Stack 
Pointer when initialized to 000 
points to RAM locations 8 and 
9. The first subroutine jump or 
interrupt results in the program 
counter contents being 
transfered to locations 8 and 9 
of the RAM array. The stack 
pointer is then incremented by 
one to point to locations 10 
3.ndi 11 i.n antici'^atJon of 
another CALL. Nesting of 
subroutines within subroutines 
can continue up to 8 times 
without oveflowing the stack. 



If overflow does occur the 
deepest address stored 
(locations 8 and 9) will be 
overwritten and lost since the 
stack pointer overflows from 
111 to 000. It also underflows 
from 000 to 111. 

The end of a subroutine, which 
is signalled by a return 
instruction (RET or RETR), 
causes the Stack Pointer to be 
decremented and the contents 
of the resulting register pair to 
be transferred to the Program 
Counter. 

Program Status Word 

An 8-bit status word which 
can be loaded to and from the 
accumulator is called the 



Program Status Word (PSW). 
Fig. 5 shows the information 
available in the word. The 
Program Status Word is 
actually a collection of flip- 
flops throughout the machine 
which can be read or written as 
a whole. The ability to write to 
PSW allows for easy restoration 
of machine status after a power 
down sequence. 

The upper four bits of PSW are 
stored in the Program Counter 
Stack with every call to 
subroutine or interrupt vector 
and are optionally restored 
upon return with the RETR 
instruction. The RET return 
instruction does not update 
PSW. 



Figure 3. Program Counter 
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The PSW bit definitions are as 
follows: 

Bits 0-2: Stack Pointer bits (Sq, 

Si, S2) 

Bit 3: Not used ("1" level when 

read) 

Bit 4: Working Register Bank 
Switch Bit (BS) 

= Bank 

1 = Bank 1 

Bit 5: Flag bit (FO) user 
controlled flag which can be 
complemented or cleared, and 
tested with the conditional 
jump instruction JFO. 

Bit 6: Auxiliary Carry (AC) 
carry bit generated by an ADD 
instruction and used by the 
decimal adjust instruction DAA. 

Bit 7: Carry (CY) carry flag 
which indicates that the 
previous operation has resulted 
in overflow of the accumulator. 

Conditional Branch Logic 

The conditional branch logic 
within the processor enables 
several conditions internal and 
external to the processor to be 
tested by the users program. 
By using the conditional jump 
instruction the conditions that 
are listed in Table 2 can effect 
a change in the sequence of 
the program execution. 

Timer/Counter 

The MBL80C49 contains a 
counter to aid the user in 
counting external events and 
generating accurate time 
delays without placing a 
burden on the processor for 
these functions. In both modes 
the counter operation is the 
same, the only difference being 
the source of the input to the 
counter. The timer/event 
counter is shown in Fig. 6. 

Counter 

The 8-bit binary counter is pre- 
settable and readable with two 
MOV instructions which trans- 
fer the contents of the accumu- 
lator to the counter and vice 
versa. The counter content 
may be affected by Reset and 
should be initialized by soft- 
ware. The counter is stopped 
by a Reset or STOP TCNT 
instruction and remains 
stopped until started as a timer 
by a START T instruction or as 
an event counter by a START 



CNT instruction. Once started 
the counter will increment to 
this maximum count (FF) and 
overflow to zero continuing its 
count until stopped by a STOP 
TCNT instruction or Reset. 

The increment from maximum 
count to zero (overflow) results 
in the setting of an overflow 
flag flip-flop and in the 
generation of an interrupt 
request. The state of the 
overflow flag is testable with 
the conditional jump 
instruction JTF. The flag is 
reset by executing a JTF or by 
Reset. The interrupt request is 
stored in a latch and then 
ORed with the external 
interrupt input INT. The timer 
interrupt may be enabled or 
disabled independently of 
external interrupt by the EN 
TCNTI and DISTCNTI 
instructions. If enabled, the 
counter overflow will cause a 
subroutine call to location 7 
where the timer or counter 
service routine may be stored. 



If timer and external interrupts 
occur simultaneously, the 
external source will be 
recognized and the Call will 
be to location 3. Since the 
timer interrupt is latched it will 
remain pending until the 
external device is serviced and 
immediately be recognized 
upon return from the service 
routine. The pending timer 
interrupt is reset by the Call to 
location 7 or may be removed 
by executing a DIS TCNTI 
instruction. 

As An Event Counter 

Execution of a START CNT 
instruction connects the T1 
input pin to the counter input 
and enables the counter. The 
T1 input is sampled at the 
beginning of state 3 or in state 
time 4. Subsequent high to low 
transistions on T1 will cause 
the counter to increment. T1 
must be held low for at least 1 
machine cycle to insure it 
won't be missed. The maximum 



Figure 5. Program Status Word (PSW) 
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Figure 6. Timer/Event Counter 
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Device Testable 
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rate at which the counter may 
be incremented is once per 
three instruction cycles (every 
5.7 /jsec when using an 8 IVIHz 
crystal)— there is no minimum 
frequency. T1 input must 
remain stable for at least 1/5 
machine cycle after each 
transition. 

As A Timer 

Execution of a START T 
instruction connects an internal 
clock to the counter input and 
enables the counter. The 
internal clock is derived by 
passing the basic machine 
cycle clock through a -^ 32 
prescaler. The prescaler is 
reset during the START T 
instruction. The resulting clock 
increments the counter every 
32 machine cycle. Various 
delays from 1 to 256 counts 
can be obtained by presetting 
the counter and detecting 
overflow. Times longer than 
256 counts may be achieved by 
accumulating multiple 
overflows in a register under 
software control. For time 
resolution less than 1 count, an 
external clock can be applied 
to the T1 input and the counter 
operated in the event counter 
mode. ALE divided by 3 or 
more can serve as this external 
clock. Very small delays or 
"fine tuning" of larger delays 
can be easily accomplished by 
software delay loops. 
Clock and Timing Circuits 

Timing generation for the 
MBL80C49 is completely self- 
contained with the exception 
of a frequency reference which 
can be XTAL, ceramic 
resonator, or external clock 
source. The clock and Timing 
circuitry can be divided into 
the following functional blocks. 
Oscillator 

The on-board oscillator is a 
high gain parallel resonant 
circuit with a frequency range 
of 1 to 11 MHz. The XI external 
pin is the input to the amplifier 
stage while X2 is the output. A 
crystal or ceramic resonator 
connected between XI and X2 
provides the feedback and 
phase shift required for 
oscillatin. If an accurate 
frpnijpnrv/ reference is not 
required, ceramic resonator 
may be used in place of the 
crystal. 



For accurate clocking a crystal 
should be used. An externally 
generated clock may also be 
applied to XI -X2 as the 
frequency source. 

State Counter 

The output of the oscillator is 
divided by 3 in the State 
counter to create a clock which 
defines the state times of the 
machine (CLK). CLK can be 
made available on the external 
pin TO by executing an ENTO 
CLK instruction. The output of 
CLK on TO is disabled by Reset 
of the processor. 

Cycle Counter 

CLK is then divided by 5 in the 
Cycle Counter to provide a 
clock which defines a machine 
cycle consisting of 5 machine 
states as shown in Fig. 7. This 
clock is called Address Latch 
Enable (ALE) because of its 



function in MBL80C49 with 
external memory. It is provided 
continously on the ALE output 
pin. 

Reset 

The reset input provides a 
means for initialization for the 
processor. This Schmitt-trigger 
input has an internal pull-up 
device, which in combination 
with an external 1/yfd capacitor, 
provides an internal reset 
pulse of sufficient length to 
guarantee all circuitry is reset, 
as shown in Fig. 8. If the reset 
pulse is generated externally 
the RESET pin must be held 
low for at least 10 milliseconds 
after the power supply is 
within tolerance. Only 5 
machine cycles (6.8 //s @ 1 1 
MHz) are required if power is 
already on and the oscillator 
has stablized. ALE and PSEN 
(if EA = 1) are active while in 
Reset. 



Figure 7. Timing Generation and Cycle Timing 
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Reset performs the following 
functions: 

1) Sets program counter to 
zero. 

2) Sets stack pointer to zero. 

3) Selects register bank 0. 

4) Selects memory bank 0. 

5) Sets BUS to high 
impedance state (except when 
EA = 5V). 

6) Sets Ports 1 and 2 to input 
mode. 

7) Disables interrupts (timer 
and external). 

8) Stops timer. 

9) Clears timer flag. 

10) Clears FO and F1. 

11) Disables clock output from 
TO. 

Interrupt 

An interrupt sequence is 
initiated by applying a low ("0") 
level input to the INT pin. 
Interrupt is level triggered and 
active low to allow "WIRE 
ORing" of several interrupt 
sources at the input pin. Fig. 9 
shows the interrupt logic of 
the MBL80C49. The interrupt 
line is sampled every instruc- 
tion cycle and when detected 
causes a "call to subroutine" at 
location 3 in program memory 
as soon as all cycles of the 
current instruction are 
complete. On 2-cycle 
instructions, the interrupt line 
is sampled on the 2nd cycle 



only. INT must be held low for 
at least 3 machine cycles to 
ensure proper interrupt 
operations. As in any CALL to 
subroutine, the Program 
Counter and Program Status 
word are saved in the stack. 
For a description of this 
operation see the previous 
section, Program Counter and 
Stack. Program Memory 
location 3 usually contains an 
unconditional jump to an 
interrupt service subroutine 
elsewhere in program memory. 
The end of an interrupt service 
subroutine is signalled by the 
execution of a Return and 
Restore Status instruction 
RETR. The interrupt system is 
single level in that once an 
interrupt is detected all further 
interrupt requests are ignored 
until execution of an RETR 
reenables the interrupt input 
logic. This occurs at the 
beginning of the second cycle 
of the RETR instruction. This 
sequence holds true also for 
an internal interrupt generated 
by timer overflow. If an internal 
timer/counter generated 
interrupt and an external 
interrupt are detected at the 
same time, the external source 
will be recognized. See the 
following Timer/Counter 
section for a description of 
timer interrupt. If needed, a 



second external interrupt can 
be created by enabling the 
timer/counter interrupt, loading 
FFH in the Counter (one less 
than terminal count), and 
enabling the event counter 
mode. A "1" to "0" transition on 
the T1 input will then cause an 
interrupt vector to location 7. 

Interrupt Timing 

The interrupt input may be 
enabled or disabled under 
Program Control using the EN I 
and DIS I instructions. 
Interrupts are disabled by 
Reset and remain so until 
enabled by the users program. 
An interrupt request must be 
removed before the RETR 
instruction is executed upon 
return from the service routine 

Figure 8. Reset Circuit 
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Figure 9. Interrupt Logic 
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otherwise the processor will 
re-enter the service routine 
immediately. Many peripheral 
devices prevent this situation 
by resetting their interri^pt 
request line whenever the 
processor accesses (Reads or 
Writes) the peripherals data 
buffer register. If the 
interrupting device does not 
require access by the 
processor, one output line of 
the MBL80C49 may be 
designated as an "interrupt 
acknowledge" which is 
activated by the service 

subroutine to reset the 

interrupt request. The INT pin 
may also be tested using the 
conditional jump instruction 
JNI. This instruction may be 
used to detect the presence 
of a pending interrupt before 

interrupts are enabled. If 

interrupt is left disafelid INT 
may be used as another test 
input like TO and T1. 

Single-Step 

This feature, as pictured in 
Fig. 10, provides the user with 
a debug capability in that the 
processor can be stepped 
through the program one 
instruction at a time. When 
stopped, the address of the 
next instruction to be fetched 
is available concurrently on 
BUS and the lower half of Port 
2. The user can therefore 
follow the program through 
each of the instruction steps. A 
timing diagram, showing the 
interaction between output 
ALE and input SS, is shown. 
The BUS buffer contents are 
lost during single step; 
however, a latch may be added 
to reestablish the lost I/O 
capability if needed. Data is 
valid at the leading edge of 
ALE. 

Timing 

The MBL80C49 operates in a 
single-step mode as follows: 

1) file processor is requested 
to stop by applying a low level 
onSS. 

2) The processor responds by 
stopping during the address 
fetch portion of the next 
instruction. If a double cycle 
instruction is in progress when 
the sino'e stei^ cornmand is 
received, both cycles will be 
completed before stopping. 

3) The processor acknowledges 



it has entered the stopped state 
by raising ALE high. In this 
state (which can be maintained 
indefinitely) the address of the 
next instruction to be fetched 
is present on BUS and the 
lower half of port 2. 

4) SS is then raised high to 
bring the processor out of the 
stopped mode allowing it to 
fetch the next instruction. The 
exit from stop is indicated by 
the processor bringing ALE 
low. 

5) To stop the processor at the 
next instruction SS must be 
brought low again soon after 
ALE goes low. If SS is left high 
the processor remains in a 
"Run" mode. 

A diagram for implementing 
the single-step function of the 
MBL80C49 is shown in Fig. 10. 
A D-type flip-flop with preset 
and clear is used to generate 
SS. In the run mode, SS is held 
high by keeping the flip-flop 
preset (preset has precedence 
over the clear input). To enter 
single step, preset is removed 
allowing ALE to bring SS low 
via the clear input. ALE should 
be buffered since the clear 
input of an SN7474 is the 
equivalent of 3 TTL loads. The 
processor is now in the 
stopped state. The next 



instruction is initiated by 
clocking a "1 " into the flip- flop . 
This "1" will not appear on SS 
unless ALE is high, removing 
clear from the flip-flop. In 
response to SS going high the 
processor begins an instruction 
fetch which brings ALE low, 
resetting SS through the clear 
input and causing the proces- 
sor to again enter the stopped 
state. 

External Access Mode 

Normally the first 2K words of 
program memory are 
automatically fetched from 
internal ROM. The EA input 
pin however allows the user to 
effectively disable internal 
program memory by forcing all 
program memory fetches to 
reference external memory. 
The following chapter explains 
how access to external 
program memory is 
accomplished. 

The External Access mode is 
very useful in system test and 
debug because it allows the 
user to disable his internal 
applications program and 
substitute an external program 
of his choice— a diagnostic 
routine for instance. In 
addition, the section on Test 



Figure 10. Single Step Operation 



SINGLE STEP CIRCUIT 
+5V 

MOMENTARY 
PUSHBUTTON 




SINGLE STEP TIMING 
I S3 I 84 I S5 I Si I S2 I S3 | | S3 | S4 | S5 | S1 | S2 | 

J—| T 



-tT 




^ H 



FUJITSU 



2-96 



MBL80C49H/N 
MBL80C39H/N 



Functional Description 

(Continued) 



and Debug explains how 
internal program memory can 
be read externally, independent 
of the processor. A "1 " level on 
EA initiates the external access 
mode. For proper operation, 
Reset should be applied while 
the EA input is changed. 
Low Power Standby Operation 

MBL80C49 has two low-power 
standby modes, HALT and 
STOP modes. Both are initiated 
by software and are released 
by hardware. 

Hart Mode 

This mode is initiated by the 
HALT instruction (OP code: 
01H). When the HALT 
instruction is executed, the 
device enters the HALT mode 
and stops executing 
instructions after that. 

During the HALT mode all 
the other internal circuits stop, 
except the on-chip oscillator. 
The oscillator idles and the 
clock is inhibited to the 
internal circuits. This time the 
program counter holds the 
address next to the HALT 
instruction, and the internal 
RAM, internal registers, and 
flags keep the states 
executing the HALT 
instruction. The input/output 
ports hold the states shown 
below: 



lype Pin 



State 



XTAL1, 

XTAL2, 

EA. Active 

RESET. 

INT. SR 

T1,SS Inactive 



Input 



RD.W R. 

PSEN, 

ALE 



High 
Level 



Output P10-17, 

P20-27, High 
DB0-DB7, Impedance 
TO, PROG 



In this mode, the supply vol- 
tage, Vcc can be lowered to 
3.5V, and the supply current 
reduced to 2mA for N version 
and 4mA for H version. 

A negative pulse at one of 
RESET, INT, and SR inputs 
releases the device from the 
HALT mode. When a pulse is 
applied, the device restarts 
executing instructions from an 
address shown below, depend- 
ing on the applied pin. Before 
applying the negative pulse, 
the supply voltage must be 
returned to the value ( + 5V 
± 10%)to guarantee normal 
operation. 



RESET (Low level sense): 

A negative pulse with 
minimum 12 instruction cycle 
width is needed for the 
standby release. The low level 
releases the device from the 
standby state, and initializes 
the device to the reset state. 

Approximately 8200 . 

instruction cycles later RESET 
returns to high and the device 
restarts the execution from 
address #0. 

INT (Low level sense): 

The low level releases the 
device from the standby state, 
and after a dummy cycle of 
approximately 5 instruction 
cycles the device restarts the 
execution from an address 
next to the HALT instruction 
executed. If the external 
interrupt is enabled, the 
control jumps at address #3 
after executing the instruction 
next to the HA LT in struction 
executed. The INT pulse must 
be kept low until the interrupt 
is accepted. 

SR (Low leyel sense): 

A negative pulse with 
minimum 2 instruction cycle 
is required for the standby 
release. The low level releases 
the device from the standby 
state, and after a dummy 
cycle of approximately 5 
instruction cycles the device 
restarts the execution from an 
address next to the HALT 
instruction executed. 



Stop Mode 

This mode is initiated by the 
STOP instruction (OP code: 
C1H). When the STOP 
instruction is executed, the 
device enters the STOP mode 
and stops executing 
instructions after that. 

During the STOP mode all the 
internal circuits stop. Only 
the internal RAM is retained. 
The internal registers and 
flags are not kept. The 
input/output ports hold the 
states shown below: 

lype Pin State 

EA. 



Input 



RESET. Active 
INT, SR 

XTAL1. 
XTA_L2, 
T1,SS 



Inactive 



RD. W R n- . 
PSEN '^'9'^ 
ALE ' ^^^^' 
Output P10-17, 

P20-27, High 
DB0-DB7, Impedance 
TO, PROG 



In this mode, the supply vol- 
tage, Vcc can be lowered to 
2.0V, and the supply current 
reduced to 50//A. 



A negative pulse at RESET 
input releases the device from 
the STO P mode. When a 
RESET pulse is applied, the 
device restarts executing 
instructions from an address 
#0. Before applying the 
negative pulse,the supply 
voltage must be returned to 
the value (+5V± 10%) to 
guarantee normal operation. 



RESET (Low level sense): 

A negative pulse with 
minimum 12 instruction cycle 
width is needed for the 
standby release. The low level 
releases the device from the 
standby state, and initializes 
the device to the reset state. 
Approximately 8200 
instruct ion cycles after 
RESET returns to high, the 
device restarts the execution 
from address #0. 
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Instruction Set Summaryf 



Accumulator and Memory Instructions 

OP 
Operation Mnemonic Code 



Fiag 



Byte Cycle CY HC Fq F^ Note 



Add Register to A 
Add data memory to A 

Add immediate to A 
Add register to A with carry 
Add data memory to A 
with carry 

Add immediate to A 
with carry 



ADDA, Rr 6X 

ADD A, @R0 60 

ADD A, @R1 61 

ADD A, #data 03 

ADDC A, Rr 7X 

ADDCA, @R0 70 

ADDCA, @R1 71 

ADDCA, #data 13 



And register to A 
And data memory to A 



And immediate to A 



ANLA, Rr 5X 

ANL A, @R0 50 

ANLA, @R1 51 

ANL A, #data 53 



Clear A 


CLRA 


27 


Complement A 


CPLA 


37 


Decimal Adjust A 


DA A 


57 


Decrement A 


DEC A 


07 


Increment A 


INC A 


17 


Or register to A 


ORLA, Rr 


4X 


Or data memory to A 


ORLA, @R0 


40 




0RLA,@R1 


41 


Or immediate to A 


ORL A, #data 


43 



Rotate A left RL A E7 

Rotate A left through carry RLC A F7 

Rotate A right RR A 77 

Rotate A right through carry RRC A 67 

SWAP nibbles of A SWAP A 47 



Exclusive Or register to A XRLA, Rr DX 

Exclusive Or data memory to A XRL A, @R0 DO 

XRL A, @R1 D1 

Exclusive Or immediate to A XRL A, #data D3 



(A) - (A) + (Rr) 
(A) - (A) + ((RO)) 
(A)^(A) + ((R1)) 
(A) - (A) + data 
(A) - (A) + (Rr) + (C) 

(A) - (A) + ((RO)) + (C) 

(A)-(A) + ((R1)) + (C) 

(A) - (A) + data + (C) 



(A) - (A) n (Rr) 
(A) - (A) n ((RO)) 
(A)^(A)n((R1)) 
(A) - (A) n data 



(A)-0 
(A) - (A) 
(Notel) 
(A) ^ (A) - 1 
(A) - (A) + 1 



(A)-(A)U(Rr) 
(A) ^ (A) U ((RO)) 
(A)^(A)U((R1)) 
(A) - (A) U data 




(A) - (A) + (Rr) 
(A) - (A) + ((RO)) 
(A) -(A) + ((RD) 
(A) - (A) + data 



tMnemonic copyright Intel Corporation 1983. (except HALT and STOP) 
Operation Code X: See Tables 1 and 2. 

%: See Table 3. 
Flags*: This flag is set or reset in the state after executed instruction. 
Z: This flag is reset. 
CP: This flag is complemented. 
Note: (1 ) The accurhulator value is adjusted to form BCD digits following the binary addition of BCD number. 
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Instruction Set Summary 

(Continued) 



Input/Output Instructions 



Flag 



Operation 



Mnemonic Cod« Byt« Cycl« CY HC Fq F^ Note 



And Immediate to BUS 
And Immediate to PI 
And immediate to P2 
And A to Expander Port 



ANL BUS, #data98 
ANLP1,#data 99 
ANLP2, #data 9A 
ANLD Pp, A 9X 



(BUB) - (BUS) n data 
(PI) - (PI) n data 
(P2) - (P2) n data 
(Pp) - (Pp) n (A3~0) 



Input BUS to A 

Input PI to A 

Input P2 to A 

Input Expander Port to A 



INS A, BUS 08 

IN A, PI 09 

IN A. P2 OA 

MOVD A, Pp OX 



1 2 

1 2 

1 2 

1 2 



(A) - (BUS) 
(A)-(P1) 
(A) - (P2) 
(A3~0)«-(Pp). (A7~4)-0 



Or immediate to BUS 



ORL BUS. 
#data 



_ _ _ _ (BUS) - (BUS) U data 



Or immediate to PI 


ORL PI, #data 


89 


2 


2 


_ _ _ _ 


(PI) -(Pl)Udata 


Or immediate to P2 


ORL P2, #data 


8A 


2 


2 


_ _ _ _ 


(P2) - (P2) U data 


Or A to Expander Port 


ORLD Pp, A 


8X 


1 


2 


— — — — 


(Pp) - (Pp) U (A3~0) 


Output A to BUS 


OUTL BUS, A 


02 


1 


2 


_ _ _ _ 


(BUS) - (A) 


Output A to PI 


OUTL PI. A 


39 


1 


2 


— — — — 


(P1)^(A) 


Output A to P2 


OUTL P2. A 


3A 


1 


2 


_ _ _ _ 


(P2) - (A) 


Output A to Expander Port 


MOVD Pp, A 


3X 


1 


2 


- - - - 


(Pp) - (A3~0) 



Data Move Instructions 



Flag 



Oparation 



Mnamonlc Coda Byta Cycia CY HC Fq F^ Nota 



Move register to A 
Move data memory to A 



Move immediate to A 



MOVA, Rr FX 1 1 

MOVA, (ffiRO FO 1 1 

MOVA, @R1 F1 1 1 

MOVA, #data 23 2 2 



(A) - (Rr) 
(A) - ((RO)) 
(A)-((R1)) 
(A) - data 



Move A to register 
Move A to data memory 

Move immediate to register 



MOVRr, A AX 1 1 

MOV@R0, A AO 1 1 

M0V(ffiR1,A A1 1 1 

MOVRr, #data BX 2 2 



(Rr) - (A) 
((RO)) ^ (A) 
((R1))*-(A) 
(Rr) - data 



Move immediate 
to data memory 



MOV (SRO. 
#data 
M0V@R1, 
#data 



BO 



— — — — ((RO))-data 

- - - - ((R1))'-data 



Move PSW to A MOV A, PSW 07 1 1 — — — — (A) - (PSW) 
MoveAtoPSW MOV PSW. A D7 1 1 * * * _ (PSW) - (A) 


Move external data memory MOVXA,(ffiR0 80 1 2 (A) ^ ((RO)) 

MOVXA, @R1 81 1 2 _ _ _ _ (A)-((R1)) 

MOVX (SRI. A 91 1 2 _ _ _ _ ((ri))_(A) 


Move to A from current page MOVPA,@A A3 1 2 _ _ _ _ ^.^P^'^^ITJ^^' 

(A) - ((PC)) 

Move to A from page 3 M0VP3A,(ffiA E3 1 2 ^^^^Z^? ^/onxr^^^^^^ 

— 3, (A) — ((PC)) 


Exchange A and register XCH A, Rr 2X 1 1 — — — — (A) r (Rr) 
Exchange A and data memory XCH A, (®R0 20 1 1 - - - - (A) r ((RO)) 
XCHA,@R1 21 1 1 _ _ _ _ (A)r:((R1)) 

rrrrr' x^^"^^'-^"" ^^ ^ ^ <a3^,=((ro,3h„ 

XCHDA,@R1 31 1 1 _ _ _ _ (A3~0)r:((R1)3~0) 
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Instruction Set Summary 

(Continued) 



Branch and Jump Instructions 



Flag 



Operation 


Mnemonic 


Code 


Byte 


Cycie CY HC F© 


Fi 


Note 


Decrement register and test 


DJNZRr, addr 


EX 


2 


2 


_ _ _ 


- 


(Rr)^ONote(l) 


Jump unconditional 
Jump Indirect 


JMPaddr 
JMPP@A 


%4 
83 


2 
1 


2 
2 


_ _ _ 


: 


Unconditional Branch 
Unconditional Branch 
Note (2) 


Jump on carry = 1 
Jump on carry = 


JCaddr 
JNCaddr 


F6 
E6 


2 
2 


2 
2 


- - - 


- 


(C) = 1 
(0) = 


Jump on A zero 
Jump on A no zero 


JZ addr 
JNZaddr 


C6 
96 


2 
2 


2 
2 





_ 


(A) = 
(A)^0 


Jump on TO = 1 
Jump on TO = 


JTO addr 
JNTO addr 


36 
26 


2 
2 


2 
2 


■ _ 


_ 


(TO) = 1 
(T0) = 


Jump on T1 = 1 
Jump on T1 =0 


JT1 addr 
JNT1 addr 


56 
46 


2 
2 


2 
2 


_ 


_ 


(T1) = 1 
(T1) = 


Jump on FO = 1 
Jump on F1 = 1 


JFOaddr 
JF1 addr 


86 
76 


2 
2 


2 
2 


_ 


- 


(FO) = 1 
(F1) = 1 


Jump on timer flag, Clear flag 

Jump on INT = 

Jump on accumulator bit 


JTF addr 
JNI addr 
JBbaddr 


16 
86 

%2 


2 
2 
2 


2 
2 
2 


_ 


~ 


(TF) = 1 
(INT) = 
(Ab) = 1 



Subroutine Instructions 



Flag 



Operation 


Mnemonic 


Code Byte Cycle CY HC Fq F^ Note 


Jump to subroutine 


CALL addr 


%4 2 2 _ _ _ _ Note (3) 


Return 

Return and restore status 


RET 
RETR 


83 1 2 _ _ _ _ Note (4) 
93 1 2 * * . _ i^o^g (5) 



Flags instructions 



Flag 



Operation 


Mnemonic 


Code Byte 


Cycle CY HC Fq F, Note 


Clear carry 
Complement carry 


CLRC 
CPLC 


97 1 
A7 1 


1 z - - - (C)-0 
1 CP - - - (C) ^ (C) 


Clear flag 
Complement flag 


CLRFO 
CPL FO 


85 1 
95 1 


1 - - Z - (FO)-O 
1 - - CP - (FO)-(FO) 


Clear flag 1 
Complement flag 1 


CLRF1 
CPL F1 


A5 1 
85 1 


1 _ _ _ z (F1)^0 
1 - _ _ CP (F1)^(F1) 



(1) DJNZ Rr, Addr: (Rr) - 1 - (Rr) 
If (Rr) # 0, addr - (PCq to PC7). 
If (Rr) = 0, execute next Instruction. 

(2) JMPP @ A: ((A)) -* (PCo to PC7) 



Register Instructions 



OP 



Flag 



Operation 


Mnemonic 


Code 


Byte 


Cycle CY HC Fo F^ 


Note 


Decrement register 
Increment register 


DECRr 
INC Rr 


cx 

IX 


1 
1 


1 — _ — _ 


(Rr)^(Rr)-1 
(Rr)-(Rr) + 1 


Increment data memory 


INC (®R0 
INC@R1 


10 

11 


1 

1 


1 _ _ _ _ 


((RO)) - ((RO)) + 1 
((R1)) -((R1)) + 1 
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Instruction Set Summary 

(Continued) 



Timer/Counter Instructions 



Operation 



Disable Timer/ 
Counter Interrupt 



Enable Timer/ 
Counter Interrupt 



OP 



Flag 



Mnemonic Code Byte Cycie CY HO Fq F^ Note 



EN TCNTI 



Read Timer/Counter 
Load Timer/Counter 


MOV A. T 
MOV T A 


42 1 
62 1 


1 — 
1 — 


- 


I 


- (A)-(T) 

- (T)^(A) 


Start Timer 
Start Counter 


STRTT 
STRT CNT 


55 1 
45 1 


1 - 
1 — 


- 


- 


- 


Stop Timer/Counter 


STOP TCNT 


65 1 


1 — 


- 


- 


- 
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Control Instructions 



Operation 



OP 



Flag 



lAnemonic Code Byte Cycie CY HC Fq F| Note 



Disable external Interrupt 
Enable external Interrupt 


DISI 
ENI 


15 1 
05 1 


1 — 
1 — 


— — 


— 


Enable Clock output on TO 


ENTO CLK 


75 1 


1 — 


- - 


- 


No Operation 


NOP 


00 1 


1 — 





- 



Select register bank 
Select register bank 1 
Select memory bank 
Select memory bank 1 



SEL RBO 


C5 1 


1 


— 


— 


— 


- (BS)«-0 


SEL RBI 


D5 1 


1 


— 


— 


— 


- (BS)'-I 


SEL MBO 


E5 1 


1 


— 


— 


— 


- (MBF)-O 


SEL MB1 


F5 1 


1 


— 


— 


— 


- (MBF) - 1 



Standby Instructions 



Operation 



OP 



Fiag 



lAnemonic Code Byte Cycie CY HC Fq F^ Note 



Halt 
Stop 



HALT 
STOP 



01 
01 
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Instruction S«t Summary 

(Continued) 



Table 1 . 0.P. Code of Register Access Instruction 

Mnemonic Rr RO R1 R2 R3 R4 R5 R6 R7 



INCRr 
XCH A, Rr 
ORL A, Rr 
ANLA, Rr 
ADD A, Rr 
ADDC A, Rr 
MOV Rr, A 
MOV Rr, #data 
DECRr 
XRLA, Rr 
DJNZ Rr, M 
MOV A, Rr 



18 


19 


28 


29 


48 


49 


58 


59 


68 


69 


78 


79 



1A IB 1C ID IE IF 
2A 2B 2C 2D 2E 2F 
4A 48 4C 4D 4E 4F 
5A 58 5C 5D 5E 5F 
6A 68 6C 6D 6E 6F 
7A 78 7C 7D 7E 7F 
A8 A9 AA A8 AC AD AE AF 
88 89 BA 88 BC BD BE BF 
C8 C9 CA CB CC CD CE CF 
D8 D9 DA DB DC DD DE DF 
E8 E9 EA EB EC ED EE EF 
F8 F9 FA FB FC FD FE FF 



Table 2. OP Code Of Expander Port Instruction 

Pp P4 P5 P6 P7 



7 6 5 4 3210 

I ^2 I ri I rp ] 



MOVD A.Pp 


OC 
30 
80 
90 


OD 
3D 
8D 
9D 


OE 
3E 
8E 
9E 


OF 


MOVD Pp, A 


Z [ 


ORLD Pp, A 
ANLD Pp, A 


8F 
9F 



7 6 5 4 3 2 10 

|Pi|Pq 



OP Code of JMP/CALL/JBb 
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JMP 



CALL 



JBk 



7 6 


5 4 3 2 


1 





1 Ah 


1 1 1 1 


|o 


1 1 


First Byte 


1 Ah 


10 1 








First Byte 


1 B. 


1 1 1 1 


1 


|o 1 



First Byte 



7 6 5 4 3 2 10 



Second Byte 



Second Byte 



Second Byte 



Al: Address A7 to Aq 
Ah: Address A^q. Ag, As 
Bb! b-th Bit on Accumulator 



Notes: 

(3) CALL addr: 
(PCotoPC7)^((SP)) 

(PCe to PC11), (MBF). (PSWc to PSW,) - ((SP)) 

(SP) + 1 - (SP) 

AL-(PCotoPC7) 

AH^CPCgtoPCio) 

MBF-'(PCii) 

(4) RET: 

(SP) - 1 -* (SP) 

((SP)) - (PCo to PC7), (PCs to PC11) 



(5) RETR: 

(SP) -1 - (SP) 

((SP))oto(SP)3-(PC8toPCii) 
((SP))4 to (SP)7 - (PSW4,to PSW,) 
((SP)) - (PCo to PC7). (PCs to PC11) 
((SP)) - (PSW5 to PSW7). (MBF) 
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Instruction Codes 



L 
H 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


c 


D 


E 


F 





NOP 


HALT 


(BSU. A) 


ADD^ 

(A.#) 


JMP 



EN 
1 




DEC 
(A) 


',NS 

(A.BUS) 


r 

IN 
(A.P1) 


r 

IN 
(A.P2) 




MOVD 
(A.P4) 


MOVD 
(A.P5) 


^OVD 
(A.P6) 


^OVD 
(A.P7) 


1 


INC 
@R0 


INC 

@R1 





ADDC 
{A,#) 


CALL 



DIS 
1 


JTF 


INC 
(A) 


INC 
(RO) 


INC 
(R1) 


INC 
(R2) 


INC 
(R3) 


INC 
(R4) 


INC 

(R5) 


INC 
(R6) 


INC 
(R7) 


2 


XCH 

(A,@RO) 


XCH 

(A.@R1) 




MOV^ 
(A,#) 


JMP 
1 


EN 
TCNTI 


JNTO 


CLR 
(A) 


XCH 
(A.RO) 


XCH 
(A.R1) 


XCH 
(A.R2) 


XCH 

(A.R3) 


XCH 
(A.R4) 


XCH 
(A.R5) 


XCH 
(A.R6) 


XCH 

(A.R7) 


3 


XCHD 
(A. ® RO) 


XCHD 
(A.®R1) 


1 




CALL^ 
1 


DIS 
TCNTI 


JTO 


CPL 
(A) 




r 

OUTL 
(P1,A) 


OUTL 
(P2.A) 




MOVD 
(P4.A) 


MOVD 
(P5.A) 


^OVD 
(P6.A) 


^OVD 
(P7.A) 


4 


ORL 
(Ac@RO) 


ORL 

(A, @R1) 


MOV 
(A.T) 


(A,#) 


JMP ^ 
2 


STRT 
CNT 


JNT1 


SWAP 
(A) 


ORL 
(A.RO) 


ORL 
(A,R1) 


ORL 
(A.R2) 


ORL 
(A,R3) 


ORL 
(A.R4) 


ORL 
(A,R5) 


ORL 
(A.R6) 


ORL 
(A,R7) 


5 


ANL 
(A.@RO) 


ANL 
(A.@R1) 


2 


AN.'' 
(A,#) 


CALL 
2 


STRT 

T 


JT1 


DA 
(A) 


ANL 
(A,RO) 


ANL 
(A.R1) 


ANL 
(A.R2) 


ANL 
(A.R3) 


ANL 
(A.R4) 


ANL 
(A.R5) 


ANL 
(A,R6) 


ANL 
(A.R7) 


6 


ADD 
(A.@RO) 


ADD 
(A,@R1) 


MOV 
(TA) 




JMP 
3 


STOP 
TCNT 




RRC 

(A) 


ADD 
(A.RO) 


ADD 
(A.R1) 


ADD 
(A.R2) 


ADD 
(A.R3) 


ADD 
(A.R4) 


ADD 
(A.R5) 


ADD 
(A.R6) 


ADD 
(A,R7) 


7 


ADDC 
(A,@RO) 


ADDC 
(A.@R1) 


3 




CALL 
3 


ENTO 
CLK 


JF1 


RR 
(A) 


ADDC 
(A,RO) 


ADDC 
(A.R1) 


ADDC 
(A.R2) 


ADDC 
(A.R3) 


ADDC 
(A.R4) 


ADDC 
(A.R5) 


ADDC 
(A.R6) 


ADDC 
(A.R7) 


8 


MOVX 
(A,@RO) 


MOVX 
(A,@R1) 




RET 


JMP 
4 


CLR 
FO 


JNI 




orl'' 

(BUS,#) 


orl'' 

(P1,#) 


orl'' 

(P2,#) 




ORLD 
(P4.A) 


ORLD 
(P5.A) 


ORLD 
(P6.A) 


ORLD 
(P7,A) 


9 


^MOVX 
(@RO.A) 


MOVX 
(@R1,A) 


4 


f 
RETR 


CALL 
4 


CPL 
FO 


JNZ 


CLR 
C 


1 
ANL 
(BUS,#) 


.Nu'' 

(P1,#) 


ANL 
(P2,#) 




ANLD 
(P4.A) 


y^NLD 
(P5.A) 


ANLD 
(P6.A) 


ANLD 
(P7,A) 


A 


MOV 
(@RO,A) 


MOV 
(@R1.A) 




MOVP 
(A.@A) 


JMP 
5 


CLR 
F1 




CPL 
C 


MOV 
(RO.A) 


MOV 
(R1.A) 


MOV 
(R2.A) 


MOV 
(R3,A) 


MOV 
(R4.A) 


MOV 
(R5.A) 


MOV 
(R6.A) 


MOV 
(R7,A) 


B 


MOV 
(@R0,#) 


MOV 
(@R1.#) 


5 


JMPP 
(@A) 


CALL 
5 


CPL 
F1 


JFO 




MOV 
(R0.#) 


MOV 

(R1,#) 


MOV 
(R2.#) 


MOV 

(R3.#) 


MOV 
(R4.#) 


MOV 
(R5.#) 


MOV 
(R6.#) 


MOV 
(R7.#) 


C 




STOP 






JMP 
6 


SEL 
RBO 


JZ 


MOV 
(A,PSW) 


DEC 

(RO) 


DEC 

(R1) 


DEC 
(R2) 


DEC 
(R3) 


DEC 
(R4) 


DEC 

(R5) 


DEC 

(R6) 


DEC 
(R7) 


D 


XRL 
{A,@RO) 


XRL 
(A,@R1) 


1 
JB 
6 


XRL 

(A,#) 


CALL 
6 


SEL 
RB1 




MOV 
(PSW.A) 


XRL 
(A.RO) 


XRL 
(A.RI) 


XRL 

(A,R2) 


XRL 
(A.R3) 


XRL 
(A.R4) 


XRL 
(A.R5) 


XRL 
(A.R6) 


XRL 
(A.R7) 


E 








^0VP3 
(A.@A) 


JMP 
7 


SEL 
MBO 


JNC 


RL 
(A) 


DJNZ 
(RO.M) 


DJNZ 
(Rl.M) 


DJNZ 
(R2.M) 


DJNZ 
(R3,M) 


DJNZ 
(R4.M) 


DJNZ 
(R5.M) 


DJNZ 
(R6.M) 


DJNZ 
(R7M) 


F 


MOV 
(A.@RO) 


MOV 
(A,@R1) 


7 




CALL 

7 


SEL 
MB1 


JC 


RLC 
(A) 


MOV 
(A.RO) 


MOV 
(A.RI) 


MOV 
(A,R2) 


MOV 
(A.R3) 


MOV 
(A,R4) 


MOV 
(A.R5) 


MOV 
(A.R6) 


MOV 
(A.R7) 



#: Immediate data 
H; Higher 4 Bits 
L; Lower Bits 



r 



^ 



1 Byte, 1 Cycle Instruction 

1 Byte, 2 Cycles Instruction 

2 Byte, 2 Cycles Instruction 
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Typical 
Application 



Figure 15. Stand Alone System 

+5V 

_L_ 



XTAL1 *CC 

XTAL2 



RESET 



To 

Ti_ 

INT 



DBo 

/ 
DB7 

PI0 

/ 
PI7 

P2o 

I 
P27 



VSS ALE 

r 



T 



< 
< 
< 



>' 



>' 



>^ 



XTAUI to 6MHz 
Ci=G2 = 20pF 
C3 = VF 



Figure 16. Expanded System 

+5V 



EXPANSION ROM 
EXPANSION RAM 




EXPANSION I/O 
EXPANSION MEMORY 
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Absolute Maximum 
Ratings 



Value 



Parameter 


Symbol 


Min. 


Max. 


Unit 


Supply Voltage 


Vcc 


Vss-0.3 


Vss + 7.0 




Input Voltage 


V,N 


Vss-0.3 


Vcc + 0.3 


V 


Output Voltage 


VOUT 


Vss-0.3 


Vcc -^ 0.3 




Power Dissipation 


Pd 


— 


600 


mW 


Operating Temperature 


Ta* 


-40 


+85 


op 


Storage Temperature 


TSTG 


-55 


+150 





Note: 

*T;^ = 0° C to 70° C for H version. 

**Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional 
operation should be restricted to the conditions as detailed in the operational sections of this data sheet. 
Exposure to ABSOLUTE MAXIMUM RATINGS for extended period may affect device reliability. 



Recommended Operating 
Conditions 



Value 



Parameter 



Symbol Min. IVp. Max. Unit Note 



4.5 



5.0 



5.5 



Active Mode (Normal Operation) 



3.5 



6.0 



Supply Voltage 



Standby Mode 



2.0 



6.0 



All internal 
states are 
retained 

Only internal 
RAM data are 
retained 





Vss 













Operating 
Temperature 


Ta 


-40 





+85 
+70 


- °C 


MBL80C49N/C39N 
MBL80C49H/C39H 



FUJITSU 



2-105 



MBL80C49H/N 
MBL80C39H/N 



DC Characteristics 

Recommended operating conditions, unless otherwise noted. 



FUJITSU 



(Ta = -40*'C to +85° C. Vcc = 5V ±10%, Vgs = OV for MBL80C49N/MBL80C39N) 
(Ta = 0°C to +70*'C, Vcc = 5V ±10%, Vgs = OV for MBL80C49H/IVIBL80C39H) 



Parameter 



Input Low 
Voltage 



Input High 
Voltage 



Output Low 
Voltage 



Output High 
Voltage 



Standby 
Supply Current 



Applicable 
Pin/Device 



Value 



Symbol Min. Max. Unit Test Conditions 



All except 

XTAL1. XTAL2. 

RESET 



-0.3 0.8 



XTAL1. XTAL2. 
RESET 



-0.3 0.6 



All except 

XTAL1. XTAL2. 

RESET 



2.2 



XTAL1. XTAL2. 
RESET 



3.8 



BUS 



0.45 V 



Iql = 2.0mA 



RD, WR. PSEN, ALE Vqu 



0.45 



Iql = 2.0mA 



PROG 



0.45 



loL = 1.0mA 



All Other Outputs Vqls 



0.45 V 



loL = 1.6mA 



BUS 



2.4 



I OH = -400//A 



RD, WR, PSEN, 
ALE, PROG, TO 



2.4 



Iqh = -100M 





P10-P17, P20-P27 


VoH2 


2.4 




V 


loH = -40A/A 




RESET, SS, SR 


III 




-100 


^^ 


Vss + 0.45^V,N^Vcc 


Input Leakage 
Current 


T1, INT, EA 


Ilii 




±10 


fjA 


Vss^V.N^Vcc 




P10-P17, P20-P27 


'lI2 




-200 


M 


Vss + 0.45^V,N^Vcc 


Output Leakage 
Current 


BUS, TO 


Ilo 




±10 


M 


Vss + 0.45^V,N^Vcc 

High-Impedance 

Mode 



MBL80C49N/C39N Icch 



mA 



Vcc = 3.5V, 6MHz, 
HALT Mode 



MBL80C49H/C49H Icch 



mA 



Vcc = 3.5V, 11MHz, 
HALT Mode 





MBL80C49N/H, 
MBL80C39N/H 


'ccs 


50 


M 


Vcc = 2.0V, 
STOP Mode 


Active 


MBL80C49N/C39N 


Ice 


10 


mA 


All Outputs Open 


Supply Current 


MBL80C49H/C39H 


Ice 


18 


mA 


All Outputs Open 
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AC Characteristics 

Recommended operating conditions, unless otherwise noted. 

(Ta = -40°C to +85°C. Vcc = +5V ±10%. Vgs = OV for MBL80C49N/MBL80C39N) 
(Ta = O^C to +70*'C, Vcc = +5V ±10%, Vgs = OV for MBL80C49H/MBL80C39H) 



iyiBL80C49H/C39H MBL80C49N/C39N 



Paramstar 



Symboi 



Iflin. 



IMax. 



Min. 



Max. 



ALE Pulse Width 



150 



410 



Address Setup Time (to ALEi) 



tAL 



70 



230 



Address Hold Time (from ALEi) 



tLA 



50 



120 



RD & WR Pulse Width 



^CC1 



480 



1050 



PSEN Pulse Width 



^CC2 



350 



800 



Data Setup Time (to WRt) 



390 



880 



Data Hold Time (from WRt) 



twD 



40 



120 



Data Hold Time (from RDt, PSENt) 



toR 



110 



220 



Data Delay Time (from RDi) 



^RDI 



350 



800 



Data Delay Time (from PSENi) 



^RD2 



210 



550 



Address Setup Time (to WRi) 



*AW 



310 



680 



Data Delay Time (RD) 



Udi 



760 



1590 



Data Delay Time (PSEN) 



Ud2 



480 



1090 



Address Floating Time (to RDi, WRi) 



Ufci 



140 



290 



Address Floating Time (to PSENi) 



tA 



10 



40 



RD, WR Output Delay Time (from ALEi) tLAFCi 



200 



420 



PSEN Output Delay Time (from ALEi) 



tLAFC2 



60 



170 



ALE Delay Time (from RDt, WRt, PROGt) tcAi 



50 



120 



ALE Delay Time (from PSENt) 



tcA2 



320 



620 



Port Control Setup Time (to PROGi) 



tcp 



100 



250 



Port Control Hold Time (from PROGi) 



tpc 



160 



460 



Port 2 Input Data Delay Time (from PROGi) tpR 



700 



1380 



Port 2 Input Data Hold Time (from PROGt) tpp 



140 



250 



Output Data Setup Time (to PROGt) 



^DP 



400 



850 



Output Data Hold Time (from PROGt) 



Vd 



90 



200 



PROG Pulse Width 



tpp 



700 



1500 



Port 2 I/O Data Setup Time (to ALEt) 



tpL 



160 



460 



Port 2 I/O Data Hold Time (from ALEt) 



tip 



40 



80 



Port Data Output Time (from ALEi) 



tpv 



510 



850 



Cycle Time 



1.36 



2.5 



TO Output Frequency 



^OPRR 



270 



500 



Notes: 

1. Load Conditions: BUS: Cl = 150pF, Other Outputs: Cl = 80pF, 1TTL 

2. Load Conditions: BUS: Cl = 20pF, High impedance 
i : Falling edge 

t : Rising edge 



FUJITSU 



Tast 
Unit Conditions 



Note 1 



ns 



ns Note 2 



Note 1 



/us 
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Timing Diagram 



Figure 11. Timing Diagram ^(1) 



FUJITSU 



Instruction Fetch From External Program Memory 

— : . tcY 



-tLL- 



tLAFC2 



- tRD2 > 



FLOATING j( ADDRESS Y FLOATING J MNStRUCTION f FLOATING Y 



1__ 



Read From External Data Memory 



ALE 


_l 


L 










r 


1_ 




n 


















RD 










tAFCI 




^ 




tDH 








1 .w 




^ 




BUS 


FLOATING Y ADDRESS j 


f FLOATING 


.J 


^ DATA V FLOATING 

















Write To External Data Memory 

ALE I 



\< tLAFCI » « 



c 



1_ 



m tAw » 



BUS FLOATING 



aEEEX! 



*l »DW J |-*- 

XIEZa! 
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Timing Diagram 

(Continued) 



Figure 12. Timing Diagram (2) 



FUJITSU 



P20-P23 Input/Output for Use of External Program l\/lemory and Expander I/O Port 

ALE I 



P20-23 
OUTPUT 



zx 



zx 



1 



;c 



1 



I 



L — tpc — M — ^J I 



OUTPUT DATA 



"£z 



)czz)c^:ii 



Port 1/Port 2 Outputs 

- J— 1_ 



1 



~x 



P24-27 
P10-17 



X 



NEW PORT DATA 



XE 



NEW PORT DATA 



Clock Outputs 



TO (OUTPUT) 
ALE 

PSEN 

RD 
WR 

PROG 



SI 


S2 


S3 


S4 

-TL 


S5 

_J-L 


S1 

-TL 


S2 


S3 

-TL 


S4 

-TL 


S5 


I... 






1 












































' 
















"~^ 
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AC Characteristics 
for Standby Operation 



Value 



Parameter 




Symbol 


Min. 


lyp. 


Max. 


Standby Release 


§R 


tpwi 


2-tcY 


- 


- 


Pulse Width 


RESET 


*RW2 


12-tcY 


- 


- 




HALT Mode 


tRT1 


4-tcY 


5-tcY 


6 -tcY 


Standby Release 


tRT2 


4-tcY 


5-tcY 


6'tcY 




STOP Mode 


tRT2 


- 


8197 -tcY 


8200 • tcY 


Vcc Hold Time 




tpD 


5-tcY 


- 


- 


Vcc Setup Time 




tps 


5-tcY 


- 


- 



Timing Diagram 



Figure 13. Standby Operation Timing (1) 



INTERNAL PROGRAM MEMORY OPERATION 




"^^ 



FUJITSU 
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Timing Diagram 

(Continued) 



Figure 14. Standby Operation Timing (2) 



FUJITSU 



EXTERNAL PROGRAM MEMORY OPERATION 



_ri r 



T n 



INSTRUCTION 



BUS _^C)Q- 



INSTRUCTION INSTRUCTION 

-CEIX)-00— 



DOCE> 



-CEDOCEXZ 



P24-27 
P10-17 



> 



< 



1 r 



■^v^ 



Oscillation Circuits 



Crystal Oscillator 



External Clock Drive 



20pF»: 



1T0 6MHZ 



X 



20pFl 



MBL80C49 
MBL80C39 
XTAL1 



EXTERNAL 
CLOCK* 



H>^ 



MBL80C49 
MBL80C39 
XTAL1 



•Including stray capacitances 



*Both high and low tinnes should be more 
than 35% of the cycle time, and the rise 
and fall times should be less than 20ns. 
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Package Dimensions 

Dimensions in inches 
(millimeters) 



40-Lead Ceramic 
(Metal Seal) 
Dual In-Line Package 
(Case No.: DiP-40C-A01) 



R.050(1.27) 
REF^ 



C= 



.585(14.86) 

.605(15.38) 

.590(14.99) 
.610(15.49) 




FUJITSU 



I- 



.060(1.52)MAX 



.036(0.91) .015(0.38) 

.055(1.40) "^^l '.023 (0.58) 



1.900(48.26)REF 



1 .177(4.50)MAX 



.120(3.05) 
.150(3.81) 



.040(1.02) 
.060(1.53) 



© 1986 FUJITSU LIMITED D40006S-1C 



40-Lead Plastic 
Dual In-Line Package 
(Case No.: DiP-40P-M01) 

-nnnnnnnnnnnr-ii-ii-ini-ii-ii-i 




(EJECTOR MARK) 



uuuuuuuuuuuu 

2.045(51.95) 



2.071 (52.60) 



u u u u u 



.533(13.55) 

.553(14.05) 

.590(14.99) 
.610(15.49) 



LIJ 



15° MAX. 

1 



(0.20) / 



.008(0. 
.012(0.30) 




.070(1.77) 

© 1985 FUJITSU LIMITED D40005S-1C 



195(4.96)MAX 



.020(0.51 )MIN 



2-112 



MBL80C49H/N 
MBL80C39H/N 



48-l.0ad Plastic 

Flat Package 

(CASE MO.:FPT.48P-M02) 





.484(12.3) 


.039 (1.0) TYP 






.468(11.9) 




.094(2.4) \ .. .002(0.05)MIN 






MAX 


\ ' (STAND OFF) 






ill 


11 III 




,3-j 


^ 








p-S^is" 


13.2) 
.083(2.1) 






C.,'...,..1' 






m ' 


13 ^ 


/I 


_ .520 
MIN 


0« 


tails of "A' 
.020(0.50) 


part 


4f?8( 




:i==i .693(17.6) 


MAX 




.484(12.3) 1 all 1 






r ^ 








Nn 


^ 


~r^ 


\ 
6(0.15) 




tt 


.00 




_l^>^„ 


tiiir 




rr 




MAX 


cj 


)39(1.( 


^ ■ 






U— .024(0.6) 


INDEX / 


.0315(0.8) 1 L .010(0.24) 
TYP .014(0.36) 




.0059(0.14) 








.008(0.20) " .059(1 .&» 






■"" 


.693(1 7.6) MAX 









© 1985 FUJITSU LIMITED F48002S-6C 
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MBL 8243 
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Edition 2.1 



NMOS INPUT/OUTPUT EXPANDER 

The Fujitsu MBL 8243 is an input/output expander designed specifically to 
provide a low cost means of I/O expansion for the MBL 8048 series of 
single-chip microcomputers. Fabricated in 5 volts NMOS, the MBL 8243 
combines low cost single supply voltage and high drive current capability. 
Also, the MBL 8243 is packaged in a 24-pin cerdip or plastic DIP package. 

The MBL 8243 consists of four 4-bit bidirectional static I/O ports and one 
4-bit port which serves as an interface to the MBL 8048 series microcomputers. 
The 4-bit interface requires that only 4 I/O lines of the MBL 8048/8049/ 
80C49/8749 be used for I/O expansion, and also allows multiple MBL 8243's 
to be added to the same bus. 

The I/O ports of the MBL 8243 serve as a direct extension of the resident 
I/O facilities of the MBL 8048 series microcomputers and are accessed by 
their own MOVD, ANLD, and ORLD instructions. 



FEATURES 

• Simple Interface to Fujitsu MBL 8048 Series and Intel MGS-48* 

• Four 4-Bit I/O Ports. 

• AND and OR Directly to Ports. 

• High Current Drive: 5 mA at 0.45 V 

20 m A at 1 .0 V 

• On-Chip Power-On Reset Circuit. 

• Single +5 V Power Supply. 

• N-Channei Silicon-Gate E/D MOS Process. 

• Two Package Options: 

—Standard 24-pin Cerdip (Suffix: Z) 
—Standard 24-pin Plastic DIP(Suffix: M) 

• Pin-Compatible with Intel 8243 and Fujitsu MBL 82C43. 




CERAMIC DIP 
DIP-24C-C01 






,iit 



i! 



PLASTIC DIP 
DIP-24P-M01 



Fig. 1- PIN ASSIGNMENT 



P50C 
P40[I 
P4l[I 

P43[;[ 

CS C 

prog[^ 

P23C 

P22L;; 

P2l[I 

P20C 

GND[[ 12 



-\y- 



TOP VIEW 



24 D Vcc 

23 "^ P51 

22 ^ P52 

21 ^P53 

20 ^ P60 

DP61 

^P62 

^P63 

I]P73 

I]P72 

I]P70 



* Trade Mark of Intel Corporation 

Portions Reprinted by permission of Intel Corporation 

© Intel Corporation, 1980 



This device contains rircuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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Fig. 2 - LOGIC SYMBOL 



PROCESSOR 
INTERFACE 


+5V 

T 


EXPANSION 
I/O PORTS 




Vcc 




CS 


MBL 8243 


CV^ P43-P40 


P23-P20 <^Z^ 


O^ P53-P50 
C^ 4 > P63-P60 






(JZ^ P73-P70 




GND 





J 



Fig. 3 - BLOCK DIAGRAM 



^ 






^.I 



POWER-ON 

RESET 

CIRCUIT 



1> ic 






18 r^ ,, X> 



I 



gs 



S3^ 






^tiXf 



^ 



;3^ 



lOL ] 
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PIN DESCRIPTION 

The MBL 8243 has two interfaces: One is the processor interface; U§, PROG, and Port 2, which are used for the processor to 
communicate with the MBL 8243 device. Another is the expansion I/O ports; Ports 4, 5, 6, and 7, which serve as an expansion 
of the processor's I/O. 
Table I—Pin Description 



Symbol 


Pin No. 


Type 


Function 


Vcc 


24 


- 


+5 V supply. 


GND 


12 


- 


V supply. 


CS 


6 


1 


Chip Select input: A high on CS inhibits any change of output or 
internal status. 


PROG 


7 


1 


Cloci< input: A high-to-low transition on PROG signifies that 
address and control are available on P20-P23, and a low-to-high 
transition signifies that data is available on P20-P23. 


P20 - P23 


11 to 8 


I/O 


Port 2: Four (4) bit bi-directional port contains the address and 
control bits on a high-to-low transition of PROG. During a low-to- 
high transition contains the data for a selected output port if a 
write operation, or the data from a selected port before the low-to- 
high transition if a read operation. 


P40 - P43 
P50 - P53 
P60 - P63 
P70 - P73 


2 to 5 

1,23 to 21 

20 to 17 

13 to 16 


I/O 


Ports 4, 5, 6, and 7: Four (4) bit bi-directional I/O ports. May be 
programmed to be input (during read), low impedance latched 
output (after write), or a tri-state (after read). Data on pins P20- 
P23 may be directly written, ANDed or ORed with previous data. 
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FUNCTIONAL DESCRIPTION 



GENERAL OPERATION 

The MBL 8243 contains four 4-bit I/O ports which serve 
as an extension of the on-chip I/O and are addressed as ports 
4-7. The following operations may be performed on these 
ports: 

• Transfer Accumulator to Port. 

• Transfer Port to Accumulator. 

• AND Accumulator to Port. 

• OR Accumulator to Port. 

All communication between the MBL 8048 series and the 
MBL 8243 occurs over Port 2 (P20-P23) with timing pro- 
vided by an output pulse on the PROG pin of the processor. 
Each transfer consists of two 4-bit nibbles: 

The first containing the "op code" and port address and 
the second containing the actual 4-bits of data. A high-to- 
low transition of the PROG line indicates that address is 
present while a low-to-high transition indicates the 
presence of data. Additional MBL 8243's may be added to 
the 4-bit bus and chip selected using additional output lines 
from the MBL 8048 series microcomputers. 

POWER ON INITIALIZATION 

Initial application of power to the device forces input/ 
output ports 4, 5, 6, and 7 to the tri-state and port 2 to the 
input mode. The PROG pin may be either high or low when 
power is applied. The first high-to-low transition of PROG 
causes device to exit power on mode. The power on 
sequence is initiated if Vcc drops below 1 V, 







Address 






Instruction 


P21 


P20 


Code 


P23 


P22 


Code 








Port 4 








Read 





1 


Port 5 





1 


Write 


1 





Porte 


1 





ORLD 


1 


1 


Port 7 


1 


1 


ANLD 



WRITE MODES 

The device has three write modes. MOVD Pi, A directly 
writes new data into the selected port and old data is lost. 
ORLD Pi. A takes new data, OR's it with the old data and 
then writes it to the port. ANLD Pi, A takes new data, 
AND's it with the old data and then writes it to the port. 
Operation code and port address are latched from the input 
port 2 on the high-to-low transition of the PROG pin. On the 
low-to-high transition of PROG data on port 2 is transferred 



to the logic block of the specified output port. 
After the logic manipulation is performed, the data is latched 
and outputed. The old data remains latched until new valid 
outputs are entered. 

READ MODE 

The device has one read mode. The operation code and 
port address are latched from the input port 2 on the high- 
to-low transition of the PROG pin. As soon as the read 
operation and port address are decoded, the appropriate 
outputs are tri-stated, and the input buffers switched on. 
The read operation is terminated by a low-to-high transition 
of the PROG pin. The port (4, 5, 6 or 7) that was selected is 
switched to the tri-stated mode while port 2 is returned to 
the input mode. 

Normally, a port will be in an output (write mode) or input 
(read mode). If modes are changed during operation, the 
first read following a write should be ignored; all following 
reads are valid. This is to allow the external driver on the 
port to settle after the first read instruction removes the low 
impedance drive from the MBL 8243 output. A read of any 
port will leave that port in a high impedance state. 

SINK CAPABILITY 

The MBL 8243 can sink 5 mA at 0.45 V on each of its 16 
I/O lines simultaneously. If, however, all lines are not sinking 
simultaneously or all lines are not fully loaded, the drive 
capability of any individual line increases as is shown by the 
accompanying curve. 

Fig. 4- SIolvsIol (at Vol<0.45V) 

i40r 




8 10 12 14 

Largest Iql °f ^"V °"^ P'" ^"^^ ^^ ^OL ^ 0.45V) 
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For example, if only 5 of the 16 lines are to sink current at 
one time, the curve shows that each of those 5 lines is 
capable of sinking 9 mA at 0.45 V (if any lines are to sink 
9 mA the total Iql "^^st not exceed 45 mA or five 9 mA 
loads). 



Example: How many pins can drive 5 TTL loads (1.6 mA) 
assuming remaining pins are unloaded? 



Iql = 5x 1.6mA = 8 mA 
2 Iql = 60 mA from curve 
# pins = 60 mA -^8 mA/pin = 7.5 = 7 

In this case, 7 lines can sink 8 mA for a total of 
56 mA. This leaves 4 mA sink current capability 
which can be divided in any way among the 
remaining 8 I/O lines of the MBL 8243. 



Example: This example shows how the use of the 20 mA 
sink capability of Port 7 affects the sinking capa- 
bility of the other I/O lines. 

An MBL 8243 will drive the following loads 
simultaneously. 

2 loads - 20 mA at 1 V (port 7 only) 

8 loads - 4 mA at 0.45 V 

6 loads - 3.2 mA at 0.45 V 

Is this within the specified limits? 

Slot = (2 X 20) + (8 X 4) + (6x3.2) = 91.2 mA. 
From the curve: for Iql ~ 4 mA. 2 Iql ^ 93 mA. 
since 91 .2 mA < 93 mA the loads are within speci- 
fied limits. 

Although the 20 mA at 1 V loads are used in 
calculating SIql' '^ 'S the largest current required 
at 0.45 V which determines the maximum allow- 
able ZIql- 
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TYPICAL APPLICATION 



Fig. 5 - I/O EXPANDER INTERFACE 



MBL 8048/ 
MBL 8049 



P17-P10 



V 

A- 
V 



P27-P24 



TO 

T1 

INT 

P23-P20 

PROG 



8 >l/0 



8 >l/0 



t^ 



:> 



I/O 



TEST 
INPUTS 



V 



t^ 



P53-P50 



P23-P20 



P73-P70 



7W 



^ 



A- 



^ 



(^ 





Fig. 6 -MULTIPLE I/O EXPANDER INTERFACE 






MBL 8243 
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MBL 8243 MBL 824, 
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PROG 




PROG 




PROG 
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P4 
P5 


CO 


P4 
P5 




P4 
P5 


CO 


P4 
P5 
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DB 
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P6 
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P6 


CO 


P6 


CO 


P6 


CO 




PI 






















TO 


P7 


<s> 


P7 


CO 


P7 


CO 


P7 


CO 




T1 
INT 

P23-P20 

P24 
P25 


A 


P2 CS 




P2 CS 




P2 CS 




P2 CS 









i\ t 




\ 




/y 










1 






P26 
P27 








1 






















, 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Rating 


Unit 


Supply Voltage 


Vcc 


GND-0.3toGND + 7.0 


V 


Input Voltage 


V|N 


GND-0.3toGND + 7.0 


Ambient Temperature 
under Bias 


Ta 


Oto+70 


X 


Storage Temperature 


"■"stg 


-55 to +150 


Power Dissipation 


Pd 


1 


w 



NOTE: 

Permanent device damage may occur if 
ABSOLUTE IVIAXIMUM RATINGS are 
exceeded. Functional operation should be 
restricted to the conditions as detailed in 
the operational sections of this data sheet. 
Exposure to ABSOLUTE MAXIMUM 
RATINGS conditions for extended periods 
may affect device reliability. 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


+5 ±10% 


V 


GND 





Operating Temperature 


Ta 


to +70 


°C 



DC CHARACTERISTICS 

(Vcc = + 5V ± 10%, GND = OV, Ta = 0"C to + ZCC) 



Parameter 


Symbol 


Conditions 


Value 


Unit 


Min. 


Typ. 


Max. 


Input Low Voltage 


V|L 




GND-0.3 




0.8 


V 


Input High Voltage 


V,H 




2.0 




Vcc+0.3 


V 


Output Low Voltage 


VOLI 


Ports 4 to 7 
Iql ^ 5mA 






0.45 


V 


VoL2 


Ports 4 to 7 
Iql = 20mA 






1.0 


V 


VoL3 


Port 2 

loL = 0.6mA 






0.45 


V 


Output High Voltage 


VoH1 


Ports 4 to 7 
loH = -240/iA 


2.4 






V 


VoH2 


Port 2 

loH =-100/iA 


2.4 






V 


Input Leakage Current 


l|L1 


Ports 4 to 7 
GND<V,N<Vcc 


-10 




20 


mA 


l|L2 


Port 2, CS, PROG 
GND^V,^<V^c 


-10 




10 


mA 


Total Iql o^ "iG Output 


SloL 


louT~5mA at each 
pin of Ports 4 to 7 






80 


mA 


Supply Current 


Ice 






10 


20 


mA 
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AC CHARACTERISTICS 



(Vcc =+5V±10%, GND = OV;Ta =0°Cto+70°C) 












Parameter 


Symbol 


Condition 


Value 


Unit 


Min. 


Typ. 


Max. 


Address/Operation Code Setup Time 


tA 


Cl = 80pF 


100 






ns 


Address/Operation Code Hold Time 


te 


Cl = 20pF 


60 






ns 


Data Setup Time 


tc 


Cl = 80pF 


200 






ns 


Data Hold Time 


to 


Cl = 20pF 


20 






ns 


Port 2 Floating Time 


tH 


Cl = 20pF 







150 


ns 


PROG Pulse Width 


tK 




700 






ns 


CS Setup/Hold Times 


tcs 




50 






ns 


Ports 4 to 7 Output Delay Time 


tpo 


Cl = 100pF 






700 


ns 


Ports 4 to 7 Setup/Hold Times 


tLPI 




100 






ns 


Port 2 Output Delay Time 


^ACC 


Cl = 80pF 






650 


ns 



[WRITE MODE I P0RT2 
I READ MOdT] P0RT2 



WRITE MODE PORTS 4 to 7 



I READ MODE | PORTS 4 to 7 



Fig. 7 -TIMING DIAGRAM 



0.8 



J 



-tcs — ^ 



2.0 VJ ^ 
0-8 V\ 



tA 



V^r 

^ rQ-8V 



ADDRESS/ 

OPERATION 

CODE 



"^ ^2.0 V 2.0 \l } ^ 

Vo.8 V 0.8 V\ 



2.0 V>^ ADDRESS/ \2.0 V 2A\I f 
T~^ OPERATION >— — < 



- — tcs- 



l'-2.0 V 

Q-8v/ 



INPUT DATA 



-tACC- 



> 2.0 V 
0.8 V 



OUTPUT DATA 



> 2.4 V 
0.45 V 



-tpo- 



OLD OUTPUT DATA 



♦-tLPI— ^ 






NEW 
„ OUTPUT 
0.45 V/1.0Vjr\ DATA 



X2.4V 
0.45 V/1.0> 



INPUT DATA 



2Tv\/ 

0.45 V/1.0 V^A^ 
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PACKAGE DIMENSIONS 

CERAMIC DIP (Suffix: Z) 



R. 025(0.64) 
REF 



24-LEAD CERAMIC (CERDIPI DUAL IN-LINE PACKAGE 
(CASE No.: DIP-24C.C01) 



nrnnnnrnr-irnnnnn 



UUUUUUUUUUUU 

1.200(30.48) 



1.300(33.02) 



.514(13.06) .600(15.24) 
.541(13.75) .625(15.87) 



K 



A, 



.600(1 5.24) REF 




.008(0.20) 
.014(0.36) 



— ^ 




.100(2.54)MAX 


























— "" 


J~\J\, J 


L 


\^ j"v . v. J "v J V . ~~V J ~\ J V 










V 










1 








.032(0.81) 










.090(2.29) 












.110(2.79) 




" ' ■ " - TYP 1 


.020(0.51) 
.050(1.27) 






1 

.042(1. oe 


.100(27 
>) 
T 


.94)REF 


.0 


15(0.38) 








.Of 


52( 


1.58 




'.0 


23(0 


.58) 



230(5.84)MAX 



120(3.05) 
150(3.81) 



Dimensions in 
inches (millimeters) 



© 1985 FUJITSU LIMITED D24008S-2C 
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PACKAGE DIMENSIONS 

PLASTIC DIP (Suffix: M) 



24-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-24P-M01) 



INDEX 



.-o 



nnmnnnnnnnnn 



ULJULJLJLJLJLJLJLJLJU 

^ 1.171(29.75) 



1.197(30.40) 



.524(13.30) 
.543(13.89) 



X 



15' MAX 



.590(14.99) 
.610(15.49) 




.008(0.20) 
.012(0.30) 



-.050(1.27) MAX 



.039(0.98) 



.058(1.48) 



m 



.100(2.54) 



TYP 




n 



.059(1.50) 



.079(2.00) 
© 1986 FUJITSU LIMITED D24009S-1C 



n 



30 



.015(0.37) 



.021(0.53) 



.195(4.96)MAX 
.118(3.00)MIN 



.020(0.51 )MIN 



Dimensions in 
inches (millimeters) 
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CMOS 

INPUT/OUTPUT 

EXPANDER 



CMOS INPUT/OUTPUT EXPANDER 



MBL 82C43 



April 1986 
Edition 2.1 



The Fujitsu MBL 82C43 is an input/output expander designed specifically to provide 
a low cost means of I/O expansion for the MBL 8048 series of single-chip 
microcomputers. Fabricated in 5 volts CMOS, the MBL 82C43 combines low cost 
single supply voltage and high drive current capability. Also, the MBL 82C43 is 
packaged in a 24-pin cerdip, plastic DIP, or plastic flat package (SOP). 

The MBL82C43 consists of four 4-bit bidirectional static I/O ports and one 
4-bit port which serves as an interface to the MBL 8048 series microcomputers. 
The 4-bit interface requires that only 4 I/O lines of the MBL 8048/8049/ 
80G49/8749 be used for I/O expansion, and also allows multiple MBL 82C43's 
to be added to the same bus. 

The I/O ports of the MBL 82C43 serve as a direct extension of the resident I/O 
facilities of the MBL 8048 series microcomputers and are accessed by their 
own MOVD, ANLD, and ORLD instructions. 



FEATURES 

• CMOS Version of Fujitsu MBL 8243. 

• Simple Interface to Fujitsu MBL 8048 Series and Intel MCS-48* 

• Four 4-Bit I/O Ports. 

• AND and OR Directly to Ports. 

• High Current Drive: 5 mA at 0.45 V 

20 mA at 1.0 V 

• On-Chip Power-On Reset Circuit 

• Single +5 V Power Supply. 

• Silicon-gate CMOS Process 

• Three Package Options: 
—Standard 24-pin Cerdip (Suffix:-CZ) 
—Standard 24-pin Plastic DIP (Suffix:-P) 
—Standard 24-pin Plastic SOP (Suffix:-PF) 

• Pin-Compatible with Fujitsu MBL 8243 and Intel 8243. 




PLASTIC DIP 
DIP-24P-M01 




PLASTIC SOP 
FPT-24P-M02 



PIN ASSIGNMENT 


P5o[;; 


1 24 


DVcc 


P40[I 


2 23 


I|P51 


P4l[[ 


3 22 


Dp52 


P42[I 


4 21 


DP53 


P43C: 


5 20 


I]P60 


csC 

PROG[[ 


6 19 
TOP VIEW 

7 18 


I]P61 
JpQ2 


P23II 


8 17 


I]P63 


P22[I 


9 16 


IJP73 


P21|~ 


10 15 


I|P72 


P20LI 


11 14 


ZIP71 


gndC 


12 13 


I]P70 









* Trade Mark of Intel Corporation 

Portions Reprinted by pernnission of Intel Corporation 

© Intel Corporation, 1980 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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Fig. 1 - LOGIC SYMBOL 


PROCESSOR 
INTERFACE 


+5V 

T 


EXPANSION 
I/O PORTS 




Vcc 




CS i- 

PROG -•»" 


MBL 82C43 


C'^ P43-P40 
C^> P53-P50 
(] 4 > P63-P60 


P23-P20 <V^ 






C^ P73-P70 




GND 






wr 





Fig. 2 - BLOCK DIAGRAM 
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-* CONTROL I 
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3> 
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S 



, J OO 
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r 
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PIN DESCRIPTION 

The MBL 82C43 has two interfaces: One is the processor interface; CS, PROG, and Port 2, which are used for the processor to 
communicate with the MBL 82C43 device. Another is the expansion I/O ports; Ports 4, 5, 6, and 7, which serve as an expansion of the 
processor's I/O. 

Table 1-Pln Description 



Symbol 


Pin No. 


Type 


Function 


Vcc 


24 


- 


+5 V supply. 


GND 


12 


- 


V supply. 


CS 


6 


1 


Chip Select input: A high on C§ inhibits any change of output or 
internal status. 


PROG 


7 


1 


Clock input: A high-to-low transition on PROG signifies that address 
and control are available on P20-P23, and a low-to-high transition 
signifies that data is available on P20-P23. 


P20 - P23 


11 to 8 


I/O 


Port 2: Four (4) bit bi-directional port contains the address and control 
bits on a hIgh-to-low transition of PROG. During a low-to-high transition 
contains the data for a selected output port if a write operation, or the 
data from a selected port before the low-to-high transition if a read 
operation. 


P40 - P43 
P50 - P53 
P60 - P63 
P70 - P73 


2 to 5 

1,23 to 21 

20 to 17 

13to16 


I/O 


Ports 4, 5. 6, and 7: Four (4) bit bi-directional I/O ports. May be 
programmed to be input (during read), low impedance latched output 
(after write), or a tri-state (after read). Data on pins P20rP23 may be 
directly written, ANDed or ORed with previous data. 
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FUNCTIONAL DESCRIPTION 



GENERAL OPERATION 

The MBL82C43 contains four 4-bit I/O ports which serve 
as an extension of the on-chip I/O and are addressed as ports 
4-7. The following operations may be performed on these 
ports: 

• Transfer Accumulator to Port. 

• Transfer Port to Accumulator. 

• AND Accumulator to Port. 

• OR Accumulator to Port. 

All communication between the MBL 8048 series and the 
MBL 82C43 occurs over Port 2 (P20 - P23) with timing pro- 
vided by an output pulse on the PROG pin of the processor. 
Each transfer consists of two 4-bit nibbles: 

The first containing the "op code" and port address and the 
second containing the actual 4-bits of data. A high-to-low 
transition of the PROG line indicates that address is present while 
a low-to-high transition indicates the presence of data. Additional 
MBL 82C43's may be added to the 4-bit bus and chip selected 
using additional output lines from the MBL 8048 series 
microcomputers. 

POWER ON INITIALIZATION 

Initial application of power to the device forces input/output ports 
4, 5, 6, and 7 to the tri-state and port 2 to the input mode. The 
PROG pin may be either high or low when power is applied. The 
first high-to-low transition of PROG causes device to exit power 
on mode. The power on sequence is initiated if Vcc drops below 
1 V. 







Address 






Instruction 


P21 


P20 


Code 


P23 


P22 


Code 








Port 4 








Read 





1 


Ports 





1 


Write 


1 





Port 6 


1 





ORLD 


1 


1 


Port 7 


1 


1 


ANLD 



WRITE MODES 

The device has three write modes. MOVD Pi, A directly writes 
new data into the selected port and old data is lost. ORLD Pi, A 
takes new data, OR's it with the old data and then writes it to the 
port. ANLD PI, A takes new data, AND's it with the old data and 
then writes it to the port. Operation code and port address are 
latched from the input port 2 on the high-to-low transition of the 
PROG pin. On the low-to-high transition of PROG data on port 2 



is transferred to the logic block of the specified port. 

After the logic manipulation is performed, the data is latched 
and outputed. The old data remains latched until new valid 
outputs are entered. 

READ MODE 

The device has one read mode. The operation code and port address 
are latched from the input port 2 on the high-to-low transition of the 
PROG pin. As soon as the read operation and port address are 
decoded, the appropriate outputs are tri-stated, and the input buffers 
switched on. The read operation is terminated by a low-to-high 
transition of the PROG pin. The port (4, 5, 6 or 7) that was selected is 
switched to the tri-stated mode while port 2 is returned to the input 
mode. 

Normally, a port will be in an output (write mode) or input 
(read mode). If modes are changed during operation, the 
first read following a write should be ignored; all following 
reads are valid. This is to allow the external driver on the 
port to settle after the first read instruction removes the low 
impedance drive from the MBL 82C43 output. A read of any 
port will leave that port in a high impedance state. 

SINK CAPABILITY 

The MBL 82C43 can sink 5 mA at 0.45 V on each of its 16 
I/O lines simultaneously. If, however, all lines are not sinking 
simultaneously or all lines are not fully loaded, the drive 
capability of any individual line increases as is shown by the 
accompanying curve. 

Fig. 3- SloL vsloL (at Vol ^ 0.45V) 

i40r 



H 




2 4 6 8 10 12 14 
Largest Iql of any one pin (mA at Vql ^ 0.45V) 
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For example, if only 5 of the 16 lines are to sink current at 
one time, the curve shows that each of those 5 lines is 
capable of sinking 9 mA at 0.45 V (if any lines are to sink 
9 mA the total Iql f^i^st not exceed 45 mA or five 9 mA 
loads). 



Example: How many pins can drive 5 TTL loads (1.6 mA) 
assuming remaining pins are unloaded? 

Iql =5 X 1.6 mA = 8 mA 
SIql =60 mA from curve 
# pins = 60 mA -^ 8 mA/pin = 7.5 = 7 

In this case, 7 lines can sink 8 mA for a total of 
56 mA. This leaves 4 mA sink current capability 
which can be divided in any way among the 
remaining 8 I/O lines of the MBL 82C43. 

Example: This example shows how the use of the 20 mA 
sink capability of Port 7 affects the sinking capa- 
bility of the other I/O lines. 

An MBL82C43 will drive the following loads 
simultaneously. 

2 loads - 20 m A at 1 V (port 7 only) 

8 loads - 4 mA at 0.45 V 

6 loads -3.2 mA at 0.45 V 

Is this within the specified limits? 

Slot = (2 x 20) + (8 X 4) + (6 X 3.2) = 91 .2 mA. 
From the curve: for Iql = 4 mA. SIol ^ 93 mA, 
since 91.2 mA < 93 mA the loads are within 
specified limits. 

Although the 20 mA at 1 V loads are used in cal- 
culating SIqli it is the largest current required 
at 0.45 V which determines the maximum allow- 
able SIol- 
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TYPICAL APPLICATION 



Fig. 4 - I/O EXPANDER INTERFACE 
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Fig. 5 -MULTIPLE I/O EXPANDER INTERFACE 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Rating 


Unit 


Supply Voltage 


Vcc 


GND-0.3to+7.0 


V 


Input Voltage 


V,N 


GND-0.3to+7.0* 


Ambient Temperature under Bias 


Ta 


-40 to +85 


°C 


Storage Temperature 


Tstg 


-55 to +150 


Power Dissipation 


Pd 


1 


W 



NOTE: 

Permanent device damage may occur if 
ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should be 
restricted to the conditions as detailed in 
the operational sections of this data sheet. 
Exposure to ABSOLUTE MAXIMUM 
RATINGS conditions for extended periods 
may affect device reliability. 

* V|N should not exceed Vcc + 0.3V. 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Unit 


Note 


Supply Voltage 


Vcc 


+5 ±10% 


V 


Normal Operation 


3.5 to 6.0 


Standby Operation 


GND 





V 




Operating Temperature 


Ta 


-40 to +85 


°C 





DC CHARACTERISTICS 

(Vcc = +5V ±10%, GND =OV,Ta 40°Cto +85°C) 



Parameter 


Symbol 


Conditions 


Value 


Unit 


Min 


Typ 


Max 


Input Low Voltage 


V,L 




GND -0.3 




0.8 


V 


Input High Voltage 


V|H 




2.2 




Vcc +0.3 


V 


Output Low Voltage 


VOLI 


Ports 4 to 7 
loL = 5mA 






0.45 


V 


VoL2 


Ports 4 to 7 
loL =20mA 






1.0 


V 


VoL3 


Port 2 

loL = 0.6mA 






0.45 


V 


Output High Voltage 


VoHl 


Ports 4 to 7 
loH = -240/iA 


2.4 






V 


VoH2 


Port 2 

loH =-100juA 


2.4 






V 


Input Leakage Current 


l|L1 


Ports 4 to 7 
GND<V,M<Vcc 


-10 




20 


MA 


llL2 


Port 2, CS, PROG 
GNDgV,N<Vcc 


-10 




10 


ma 


Total loi of 16 Outputs 


2:ioi 


Iqut ^ 5mA at each 
pin of Forts 4 to 7 






80 


mA 


Supply Current 


Icci 


All outputs open, 
Normal operation 




200 


600 


ma 


ICC2 


All outputs open, 
Standby operation 




1 


10 


juA 
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AC CHARACTERISTICS 

(Vcc = +5V ±10%,GND =OV,Ta 40°Cto +85°C) 



Parameter 


Symbol 


Condition 


Value 


Unit 


Min 


Typ 


Max 


Address/Operation Code Setup Time 


tA 


Cl=80pF 


100 






ns 


Address/Operation Code Hold Time 


te 


Cl=20pF 


60 






ns 


Data Setup Time 


tc 


Cl =80pF 


200 






ns 


Data Hold Time 


to 


Cl = 20pF 


20 






ns 


Port 2 Floating Time 


tH 


Cl = 20pF 







150 


ns 


PROG Pulse Width 


tK 




700 






ns 


CS Setup/Hold Times 


tcs 




50 






ns 


Ports 4 to 7 Output Delay Time 


tpo 


Cl= lOOpF 






700 


ns 


Ports 4 to 7 Setup/Hold Times 


tLPI 




100 






ns 


Port 2 Output Delay Time 


^ACC 


Cl = 80pF 






650 


ns 



WRITE MODE P0RT2 



READ MODE P0RT2 



WRITE MODE PORTS 4 to 7 



READ MODE PORTS 4 to 7 



Fig. 6 -TIMING DIAGRAM 
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/ ADDRESS/ \2.2V 2Ayf 
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> 2.4 V 
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0.45 V/ 



yi 
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PACKAGE DIMENSIONS 

CERAMIC DIP (Suffix:-CZ) 



24-LEAD CERAMIC (CERDIP) DUAL INLINE PACKAGE 
(CASE No.: DIP-24C-C01) 



R.025(0.64) 
REF 



r-inni-innrnrnnnnrn 



UUUUUUUUUUU 

1.200(30.48) 



1.300(33.02) 
-.100(2.54)MAX 



.514(13.06) .600(15.24) 
.541(13.75) .625(15.87) 



A 



CtolS^ 



.600(15.24) REF 




.008(0.20) 
.014(0.36) 



.090(2.29) 



.110(2.79) 




.230(5.84)MAX 



.032(0.81) 



TYP 



.062(1.58) 

© 1985 FUJITSU LIMITED D24008S-2C 



1.100(27.94)REF 
.042(1.06) 



.120(3.05) 
.150(3.81) 



.020(0.51) 
.050(1.27) 



.015(0.38) 



.023(0.58) 



Dimensions in 
inches (millimeters) 
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iiiiiiiiitiiiiiiiiiiiiiiii! 

FUJITSU 

illlllllliiliiilillllii MBL 82C43 



PACKAGE DIMENSIONS 

PLASTIC DIP (Suffix:-P) 



24-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-24P-M01) 



.-o 



nnnnnnnnnnnn 



uuuuuuuuuuuu 

^ 1.171(29.75) 



1.197(30.40) 



■524(13.30) 
.543(13.89) 



-.050(1. 27) MAX 



.039(0.98) 



.058(1.48) 



M^ 



.100(2.54) 



TYP 



AAAMAAb 



[.059(1.50) 



.015(0.37) 



.021(0.53) 



.195(4.96)MAX 
,118(3. 00)MIN 



.020 (0.51 )M IN 



.079(2.00) 
© 1986 FUJITSU LIMITED D24009S-1C 



1 



15' MAX 

T 



.590(14.99) 
.610(15.49) 




.008(0.20) 
.012(0.30) 



Dimensioas in 
inches (millinneters) 
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FUJITSU 

MBL 82C43 lllllllllllllllllllilllllllllllllllllll 



PACKAGE DIMENSIONS 

PLASTIC SOP (Suffix:-PF) 



24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M02) 



R a H O O ^ O O 



^ 



nrnTfTTFT 



.582(14.79) 



.610(15.49) 



.050(1.27) 



TYP 




Dinnnnnnrii 



.014(0.35) 



.386(9.8) 
.417(10.6) 



.287(7.3) 
.311(7.9) 



.002(0.05) 



u 



MIN 
(STAND OFF) 



.350(8.9) 
.374(9.5) 



.005(0.13) 



.008(0.20) 



Detail of "A" part 



a=! 



.106(2.7) 
MAX 




.008(0.2) 



.022(0.55) 



.031(0.8) 
.047(1.2) 



.024(0.6) 
.007(0.18) 



© 1985 FUJITSU LIMITED F24008S-1C 



.012(0.3) 
.028(0.7) 



MAX 
.027(0.68) Dimensions in 

MAX inches (millimeters) 
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4-Bit 
Microcomputers 



April 1986 
Edition 3.0 



4-Bit Microcontrollers and Peripherals 

Table 1: FUJITSU 4-BIT MCU FAMILY 



Process/ 
Series 


ROM 
Size 

[bits] 


RAM 
Size 
[bits] 


Device Number 


Package^ 


Device 
Number 


Package 


NMOS 
MB 8840 
Series 


2Kx8 
2Kx8 
1Kx8 
1Kx8 


128x4 

128x4 

64x4 

64x4 


MB8841HM/-PSH 
MB 8842M/-PSH 
MB8843M/-PSH 
MB8844M/-PSH 


DIP-42P-M01/M02 
DIP-28P-M02/M03 
DIP-42P-M01/M02 
DIP-28P-M02/M03 


MB 8845HM 
MB 8846M 
MB 8847M 
MB 8848M 


FPT-48P-M02 
FPT48P-M02 
FPT-48P-M02 
FPT-48P-M02 


CMOS 
MB 8850/H 
MB 8850B 
Series 


2Kx8 
2Kx8 
1Kx8 


128x4 

128x4 

64x4 


MB8851M/-PSH 
MB 8852M/-PSH 
MB 8854M/-PSH 


DIP-42P-M01/M02 
DIP-28P-M02/M03 
DIP-28P-M02/M03 


MB 8855M 
MB 8856M 
MB 8858M 


FPT-48P-M02 
FPT-48P-M02 
FPT48P-M02 


2Kx8 
2Kx8 
1Kx8 


128x4 

128x4 

64x4 


MB8851AM/-PSH 
MB 8852AM/-PSH 
MB 8854AM/-PSH 


DIP-42P-M01/M02 
DIP-28P-M02/M03 
DIP-28P-M02/M03 


MB 8855AM 
MB 8856AM 
MB 8858AM 


FPT-48P-M02 
FPT-48P-M02 
FPT-48P-M02 


2Kx8 
2Kx8 
1Kx8 


128x4 

128x4 

64x4 


MB8851LM/-PSH 
MB8852LM/-PSH 
MB8854LM/-PSH 


DIP-42P-M01/M02 
DIP-28P-M02/M03 
DIP-28P-M02/M03 


MB 8855 LM 
MB 8856LM 
MB 8858 LM 


FPT-48P-M02 
FPT-48P-M02 
FPT-48P-M02 


2Kx8 


128x4 


MB8851HM/-PSH 


DIP-42P-M01/M02 


MB 8855HM 


FPT-48P-M02 


2Kx8 


128x4 


MB8851B-P3 


DIP-42P-M01 


MB 8855B-p2 


FPT-48P-M02 


CMOS 
MB88200/H 
MB88200B 
Series 


512x8 
1Kx8 


16x4 
32x4 


MB 88201 -P 
MB88202-P 


DIP-16P-M02 
DIP-16P-M02 


MB88201-PF 
MB 88202-PF 


FPT-16P-M03 
FPT-16P-M03 


512x8 
1Kx8 


16x4 
32x4 


MB 88201 A-P 
MB 88202A-P 


DIP-16P-M02 
DIP-16P-M02 


MB 88201 A-PF 
MB 88202A-PF 


FPT-16P-M03 
FPT-16P-M03 


512x8 
1Kx8 


16x4 
32x4 


MB 88201 HP 
MB 88202H-P 


DIP-16P-M02 
DIP-16P-M02 


MB 88201 H-PF 
MB 88202H-PF 


FPT-16P-M03 
FPT-16P-M03 


1Kx8 


32x4 


*MB 88205B-P^ 


DIP-28P-M02 


- 


- 


CMOS 
MB 88210 
Series 


1Kx8 


32x4 


MB88211-P^ 


DIP-20P-M02 


- 


- 


NMOS 

MB88400/H 

Series 


4Kx8 


192x4 


MB88401-P/-PSH 


DIP-42P-M01/M02 


MB88401-PF 


FPT-48P-M02 


4Kx8 
2Kx8 


256x4 
256 X 4 


MB 88401 H-P/-PSH 
MB88403H-P/-PSH 


DIP-42P-M01/M02 
DIP-42P-M01/M02 


MB 88401 H-PF 
MB88403H-PF 


FPT-48P-M02 
FPT-48P-M02 


NMOS 

MB88410/H 

Series 


4Kx8 
2Kx8 


192x4 
192x4 


MB88411-P/-PSH^ 
MB88413-P/-PSH'^ 


DIP-42P-M01/M02 
DIP-42P-M01/M02 


MB88411-PF'* 
MB88413-PF'^ 


FPT-48P-M02 
FPT-48P-M02 


4Kx8 
2Kx8 


256x4 
256x4 


MB88411H-P/-PSH'^ 
MB SS413n-r/-PSn 


DIP-42P-M01/M02 
Dir-42P-m01/M02 


MB 88411 H-PF'* 
MB884i5H-PF" 


FPT-48P-M02 
FPT-48P-M02 


NMOS 

MB88420/H 

Series 


4Kx8 
3Kx8 
2Kx8 


192x4 
192x4 
128x4 


MB88421-PSH^ 
MB 88422-PSH^ 
MB 88423-PSH5 


DIP-64P-M01 
DIP-64P-M01 
DIP-64P-M01 


- 


: 


4Kx8 


256x4 


MB 88421 H-PSH^ 


DIP-64P-M01 


- 


- 
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Illllllllllllllllllll 

FUJITSU 

lllllllllillllllilllil 



Maximum 
Input 


Maximum 
Output 


Maximum 
I/O 


Maximum 
ContrnI 


Supply 


Typical 
Power 


Number 
of 


Minimum 
Instruction 


Maximum 
Clock 


Process/ 


Only 


Only 


Ports 


Ports 


Voltage 


Dissipation 


Instruc- 


Cycle Time 


Frequency^ 


Series 


Ports 


Ports 








[mW] 


tions 


[MS] 


[MHz] 




4 


12 


16 


5 


5.0 ±10% 


350 


70 


2.0 


3.0 




4 


8 


11 


2 


5.0 ±10% 


300 


69 


3.0 


2.0 


NMOS 


4 


12 


16 


5 


5.0 ±10% 


300 


70 


3.0 


2.0 


MB 8840 


4 


8 


11 


2 


5.0 ±10% 


300 


69 


3.0 


2.0 


Series 


4 


12 


16 


5 


5.0 ±10% 


lOat 1MHz 


70 


3.0 


2.0 




4 


8 


11 


2 


5.0 ±10% 


lOat 1MHz 


69 


3.0 


2.0 




4 


8 


11 


2 


5.0 ±10% 


10 at 1MHz 


69 


3.0 


2.0 




4 


12 


16 


5 


3.5 to 6.0 


10 at 1MHz 


70 


3.0 


2.0 


4 


8 


11 


2 


3.5 to 6.0 


10 at 1MHz 


69 


3.0 


2.0 




4 


8 


11 


2 


3.5 to 6.0 


lOatlMHz 


69 


3.0 


2.0 


CMOS 
MB 8850/H 
MB 8850B 


4 


12 


16 


5 


2.5 to 4.0 


1.8 at 0.5MHz 


70 


7.5 


0.8 


4 


8 


11 


2 


2.5 to 4.0 


1.8 at 0.5MHz 


69 


7.5 


0.8 


Series 


4 


8 


11 


2 


2.5 to 4.0 


1.8 at 0.5MHz 


69 


7.5 


0.8 




4 


12 


16 


5 


5.0 ±10% 


15at2MHz 


70 


1.5 


4.0 


4 


12 


16 


5 


5.0 ±10% 


10 at 1MHz 


70 


2.0 


3.0 








12 





5.0 ±10% 


5 at 1MHz 


37 


3.0 


2.0 










12 





5.0 ±10% 


5 at 1MHz 


38 


3.0 


2.0 










12 





3.5 to 6.0 


5 at 1MHz 


37 


3.0 


2.0 








12 





3.5 to 6.0 


5 at 1MHz 


38 


3.0 


2.0 


CMOS 

MB 88200/H 

MB 88200B 








12 





5.0 ±10% 


15at3MHz 


37 


1.5 


4.0 








12 





5.0 ±10% 


15at3MHz 


38 


1.5 


4.0 


Series 





16 


7 





5.0 ±10% 


15at 1MHz 


39 


3.0 


2.0 


















4.0 


CMOS 








10 





5.0 ±10% 


10at4MHz 


39 


3.0 


with 
prescaler 


MB 88210 
Series 


4 


12 


15 


5 


5.0 ±10% 


365 


75 


2.86 


2.0 


NMOS 

MB 88400/H 


4 


12 


16 


5 


5.0 ±10% 


425 


76 


1.5 


4.0 


4 


12 


16 


5 


5.0 ±10% 


425 


76 


1.5 


4.0 


Series 


4 


12 


12 


5 


5.0 ±10% 


384 


74 


2.86 


2.0 




4 


12 


12 


5 


5.0 ±10% 


384 


74 


2.86 


2.0 


NMOS 
MB88410/H 


4 


12 


12 


5 


5.0 ±10% 


440 


75 


1.5 


4.0 


4 


12 


12 


5 


5.0 ±10% 


440 


75 


1.5 


4.0 




4 


8 


40 


5 


5.0 ± 10% 


415 


79 


2.86 


2.0 




4 


8 


40 


5 


5.0 ±10% 


415 


79 


2.86 


2.0 


NMOS 


4 


8 


40 


5 


5.0 ±10% 


415 


79 


2.86 


2.0 


MB88420/H 
Series 


4 


8 


40 


5 


5.0 ±10% 


415 


80 


1.5 


4.0 
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Table 1 : (Continued) 



Process/ 
Series 



ROM 
Size 
[bits] 



RAM 
Size 

[bits] 



Device Number 



Package^ 



Device 
Number 



Package 



CMOS 

MB88500/H 

Series 



4Kx8 
4Kx8 
2Kx8 



192x4 
256x4 
256x4 



MB88501-P/-PSH 
MB88505-P/-PSH 
MB 88507-P/-PSH 



DIP-42P-M01/M02 
DIP-42P-M01/M02 
DIP-42P-M01/M02 



MB 88501 -PF 
MB 88505-PF 
MB 88507-PF 



FPT-48P-M02 
FPT-48P-M02 
FPT-48P-M02 



4Kx8 
4Kx8 



192x4 
256x4 



MB 88501 A-P/-PSH 
MB88505A-P/-PSH 



DIP-42P-M01/M02 
DIP-42P-M01/M02 



MB 88501 A-PF 
MB88505A-PF 



FPT-48P-M02 
FPT-48P-M02 



4Kx8 
2Kx8 
4Kx8 



256x4 
256x4 
256x4 



MB 88501 H-P/-PSH 
MB 88503H-P/-PSH 
MB88505H-P/-PSH 



DIP-42P-M01/M02 
DIP-42P-M01/M02 
DIP-42P-M01/M02 



MB 88501 H-PF 
MB 88503H-PF 
MB88505H-PF 



FPT-48P-M02 
FPT-48P-M02 
FPT-48P-M02 



CMOS 
MB 88510 
MB88510B 
Series 



4Kx8 
2Kx8 



256x4 
192x4 



*MB88511-P/-PSH'^ 
*MB88513-P/-PSH'^ 



DIP-42P-M01/M02 
DIP-42P-M01/M02 



*MB88511-PF'^ 
*MB88513-PF'^ 



FPT-48P-M02 
FPT-48P-M02 



6Kx8 
8Kx8 
4Kx8 
4Kx8 



256x4 
256x4 
256x4 
256x4 



MB88514B-PSH^'^^ 
MB88515B-PSH^'^^ 
MB88516B-PSH^'^ 
MB88517B-P^'^ 



DIP-64P-M01 
DIP-64P-M01 
DIP-64P-M01 
DIP-42P-M01 



CMOS 
MB 88520 
MB88520B 
Series 



4Kx8 
4Kx8 
2Kx8 
4Kx8 



256x4 
256x4 
256x4 
256 X 4 



MB 88521 -PSH^ 

*MB88522-PSH^ 

MB88523-PSH^ 

MB88525-PSH^ 



DIP-64P-M01 
DIP-64P-M01 
DIP-64P-M01 
DIP-64P-M01 



MB 88521 -PF^ FPT-64P-M01 

MB 88523-PF^ FPT-64P-M01 



4Kx8 256x4 MB 88525B-PSH^^ 



DIP-64P-M01 



MB 88525B-PF^^ FPT-64P-M01 



CMOS 
MB 88530 
Series 



2Kx8 
2Kx8 



128x4 
128x4 



MB 88535-P/-PSH^ 
MB 88536-PAPSH® 



DIP-42P-M01/M02 
DIP-42P-M01/M02 



MB 88535-PF^ 
MB 88536-PF^ 



FPT-48P-M02 
FPT-48P-M02 



CMOS 
MB 88540 
Series 



4Kx8 
4Kx8 
4Kx8 
41c X 8 
4Kx8 



256x4 
256x4 
256x4 
256x4 
256x4 



MB88541-PF^ 
*MB88543-PF^ 
*MB 88544-PF^ 
*MB88545-PF^ 
*MB88546-PF^ 



FPT-70P-M01 
FPT-80P-M01 
FPT-80P-M01 
FPT-80P-M01 
FPT-80P-M01 



CMOS 

MB 88550/H 

Series 



8Kx8 
6Kx8 



256x4 
256x4 



MB 88551 -PF-^s 
MB 88552-PF^^ 



FPT-80P-M01 
FPT-80P-M01 



8Kx8 
6Kx8 



256x4 
256x4 



MB 88551 H-PF^ 
MB 88552H-PF'^ 



FPT-80P-M01 
FPT-80P-M01 



CMOS 
MB 88560 
Series 



3Kx8 



192x4 



MB 88561 -PF^^s 
iviD oooo^:-rr- - 



FPT-80P-M01 
FPT-80P-M01 



Notes: 1. 28- and 42-pin DIP packages may be specified with standard 100 mil pin spacing [M or -P suffix as shown] , or small- 
outline 70 mil pin spacing [-PSH suffix] . The 64-pin DIP is available in small-outline 70 mil pin spacing only [-PSH 
suffix] . 

2. When the on-chip prescaler is connected, the maximum external clock frequency can be doubled. A 4.194 MHz crystal 
can be used for MB 884XX or MB 885XX devices, (except MB 88530 series) 

3. On-chip VFD driver port 4. On-chip A/D converter 5. Multiple I/O ports 6. On-chip D/A converter 
7. On-chip LCD driver 8. On-chip PLL * Under development 
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Maximum 
Input 


Maximum 
Output 


Maximum 
I/O 
Ports 


Maximum 
Control 


Supply 


Typical 
Power 


Number 
of 


Minimum 
Instruction 


Maximum 
Clock 


Pr.ocess/ 


Only 


Only 


Ports 


Voltage 


Dissipation 


Instruc- 


Cycle Time 


Frequency^ 


Series 


Ports 


Ports 








[mW] 


tions 


[MS] 


[MHz] 




4 


12 


15 


5 


5.0 ±10% 


lOat 1MHz 


75 


2.86 


2.0 




4 


12 


15 


5 


5.0 ±10% 


lOat 1MHz 


75 


2.0 


3.0 




4 


12 


15 


5 


5.0 ±10% 


lOat 1MHz 


75 


2.0 


3.0 


CMOS 

MB88500/H 

Series 


4 


12 


15 


5 


3.5 to 6.0 


lOatlMHz 


75 


2.86 


2.0 


4 


12 


15 


5 


3.5 to 6.0 


lOat 1MHz 


75 


2.86 


2.0 


4 


12 


15 


5 


5.0 ± 10% 


20at2MHz 


76 


1.5 


4.0 


4 


12 


15 


5 


5.0 ±10% 


20at2MHz 


76 


1.5 


4.0 




4 


12 


15 


5 


5.0 ±10% 


20at2MHz 


76 


1.5 


4.0 










34 


5 


5.0 ±10% 


15at 1MHz 


79 


2.0 


3.0 










34 


5 


5.0 ±10% 


15at 1MHz 


79 


2.0 


3.0 


CMOS 
MB 88510 
MB88510B 
Series 





25 


29 


5 


5.0 ±10% 


15at 1MHz 


81 


2.0 


3.0 





25 


29 


5 


5.0 ±10% 


15at 1MHz 


81 


2.0 


3.0 





17 


26 


5 


5.0 ±10% 


15 at 1MHz 


81 


2.0 


3.0 





15 


19 


5 


5.0 ±10% 


15at 1MHz 


81 


2.0 


3.0 




4 


8 


40 


5 


5.0 ± 10% 


lOat 1MHz 


80 


2.0 


3.0 




4 


8 


40 


5 


5.0 ± 10% 


TBD 


80 


2.0 


3.0 


CMOS 


4 


8 


40 


5 


5.0 ±10% 


10 at 1MHz 


80 


2.0 


3.0 


MB 88520 


4 


8 


40 


5 


5.0 ±10% 


lOat 1MHz 


80 


2.0 


3.0 


MB88520B 
Series 




















4 


32 


16 


5 


5.0 ±10% 


lOat 1MHz 


79 


2.0 


3.0 




4 


8 


17 


5 


5.0 ± 10% 


10 at 1MHz 


70 


3.0 


2.0 


CMOS 
MB 88530 
Series 


4 


8 


15 


5 


5.0 ±10% 


lOat 1MHz 


70 


3.0 


2.0 


4 


4 


16 


5 


5.0 ±10% 


lOat 1MHz 


75 


2.86 


2.0 




4 


4 


16 


5 


5.0 ± 10% 


10 at 1MHz 


76 


2.0 


3.0 


CMOS 


4 


4 


24 


5 


5.0 ±10% 


10 at 1MHz 


80 


2.0 


3.0 


MB 88540 


4 


4 


16 


5 


5.0 ±10% 


10 at 1MHz 


76 


2.0 


3.0 


Series 


4 


4 


24 


5 


5.0 ±10% 


lOatlMHz 


80 


2.0 


3.0 










68 


5 


5.0 ± 10% 


15at 1MHz 


82 


2.0 


3.0 










68 


5 


5.0 ±10% 


15at1MHz 


82 


2.0 


3.0 


CMOS 

MB 88550/H 


























68 


5 


5.0 ±10% 


25at2MHz 


82 


1.5 


4.0 


Series 








68 


5 


5.0 ±10% 


25at2MHz 


82 


1.5 


4.0 




4 


4 


11 


2 


5.0 ±10% 


85 at 4.5MHz 


70 


6.67 


4.5 


CMOS 
MB 88560 
Series 


4 


4 


11 


2 


5.0 ±10% 


TBD 


71 


6.67 


4.5 
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Table 2: FEATURES OPTIONS AVAILABLE ON THE FUJITSU 4-BIT MCU FAMILY 



Device Number 


Process 


ROM 
Size 
[bits] 


RAM 
Size 
[bits] 


Package 


Ambient 

Temperature 

Range 

[°C] 


Serial 

Port 

Output 

Latch 


Serial 
Buffer 


Nesting 
Levels 


MB8841HM/-PSH 


NMOS 


2Kx8 


128x4 


DIP 


-30 to +70 


option 


4 


4 


MB 8842M/-PSH 


NMOS 


2Kx8 


128x4 


DIP 


-30 to +70 


no 


4 


4 


MB8843M/-PSH 


NMOS 


1Kx8 


64x4 


DIP 


-30 to +70 


option 


4 


4 


MB8844M/-PSH 


NMOS 


1Kx8 


64x4 


DIP 


-30 to +70 


no 


4 


4 


MB8845HM 


NMOS 


2Kx8 


128x4 


FPT 


-30 to +70 


option 


4 


4 


MB 8846M 


NMOS 


2Kx8 


128x4 


FPT 


-30 to +70 


no 


4 


4 


MB 8847 M 


NMOS 


lKx8 


64x4 


FPT 


-30 to +70 


option 


4 


4 


MB 8848M 


NMOS 


lKx8 


64x4 


FPT 


-30 to +70 


no 


4 


4 


MB8851M/-PSH 


CMOS 


2Kx8 


,128x4 


DIP 


-40 to +85 


option 


4 


4 


MB8851AM/-PSH 


CMOS 


2Kx8 


128x4 


DIP 


-30 to +70 


option 


4 


4 


MB8851B-P 


CMOS 


2Kx8 


128x4 


DIP 


-30 to +70 


option 


4 


4 


MB8851HM/-PSH 


CMOS 


2Kx8 


128x4 


DIP 


-40 to +85 


option 


4 


4 


MB8851LM/-PSH 


CMOS 


2Kx8 


128x4 


DIP 


-30 to +70 


option 


4 


4 


MB 8852M/-PSH 


CMOS 


2Kx8 


128x4 


DIP 


-40 to +85 


no 


4 


4 


MB 8852AM/-PSH 


CMOS 


2Kx8 


128x4 


DIP 


-30 to +70 


no 


4 


4 


MB 8852LM/-PSH 


CMOS 


2Kx8 


128x4 


DIP 


-30 to +70 


no 


4 


4 


MB 8854M/-PSH 


CMOS 


lKx8 


64x4 


DIP 


-40 to +85 


no 


4 


4 


MB 8854AM/-PSH 


CMOS 


lKx8 


64x4 


DIP 


-30 to +70 


no 


4 


4 


MB8854LM/-PSH 


CMOS 


1Kx8 


64x4 


DIP 


-30 to +70 


no 


4 


4 


MB 8855M 


CMOS 


2Kx8 


128x4 


FPT 


-40 to +85 


option 


4 


4 


MB 8855AM 


CMOS 


2Kx8 


128x4 


FPT 


-30 to +70 


option 


4 


4 


MB8855B-P 


CMOS 


2Kx8 


128x4 


FPT 


-30 to +70 


option 


4 


4 


MB 8855HM 


CMOS 


2Kx8 


128x4 


FPT 


-40 to +85 


option 


4 


4 


MB 8855 LM 


CMOS 


2Kx8 


128x4 


FPT 


-30 to +70 


option 


4 


4 


MB 8856M 


CMOS 


2Kx8 


128x4 


FPT 


-40 to +85 


no 


4 


4 


MB 8856AM 


CMOS 


2K X 8 


128x4 


FPT 


-30 to +70 


no 


4 


4 


MB8856LM 


CMOS 


2Kx8 


128x4 


FPT 


-30 to +70 


no 


4 


4 


MB 8858M 


CMOS 


1Kx8 


64x4 


FPT 


-40 to +85 


no 


4 


4 


MB 8858AM 


CMOS 


lKx8 


64x4 


FPT 


-30 to +70 


no 


4 


4 


MB 8858 LM 


CMOS 


lKx8 


64x4 


FPT 


-30 to +70 


no 


4 


4 
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iiiiiiiiiiiiiiiiiiiiii 

FUJITSU 



Output 

Port 

Options^ 


PLA 
Output 
Port^ 

[bits] 


Optional 
On-chip 
Prescaler 


On-chip 

Clock 

Generator 


Features 


Device Number 


5 


4/8 


yes 


yes 


High speed 


MB8841HM/-PSH 


3 


4/8 


yes 


yes 


Standard 


MB 8842M/-PSH 


4 


4/8 


yes 


yes 


Standard 


MB 8843M/-PSH 


3 


4/8 


yes 


yes 


Standard 


MB 8844M/-PSH 


5 


4/8 


yes 


yes 


High speed 


MB 8845HM 


3 


4/8 


yes 


yes 


Standard 


MB 8846M 


4 


4/8 


yes 


yes 


Standard 


MB 8847 M 


3 


4/8 


yes 


yes 


Standard 


MB8848M 


2 


4/8 


yes 


yes 


Standard 


MB8851M/-PSH 


2 


4/8 


yes 


yes 


Wide voltage range 


MB8851AM/-PSH 


2 


4/8 


yes 


yes 


VFD driver port [8 seg. x 8 digits] , high speed 


MB8851B-P 


4 


4/8 


yes 


yes 


High speed 


MB8851HM/-PSH 


2 


4/8 


yes 


yes 


Low voltage 


MB8851LM/-PSH 


2 


4/8 


yes 


yes 


Standard 


MB 8852M/-PSH 


2 


4/8 


yes 


yes 


Wide voltage range 


MB8852AM/-PSH 


2 


4/8 


yes 


yes 


Low voltage 


MB8852LM/-PSH 


2 


4/8 


yes 


yes 


Standard 


MB8854M/-PSH 


2 


4/8 


yes 


yes 


Wide voltage range 


MB 8854AM/-PSH 


2 


4/8 


yes 


yes 


Low voltage 


MB8854LM/-PSH 


2 


4/8 


yes 


yes 


Standard 


MB8855M 


2 


4/8 


yes 


yes 


Wide voltage range 


MB 8855AM 


2 


4/8 


yes 


yes 


VFD driver port [8 seg. x 8 digits] , high speed 


MB 8855B-P 


4 


4/8 


yes 


yes 


High speed 


MB 8855HM 


2 


4/8 


yes 


yes 


Low voltage 


MB 8855LM 


2 


4/8 


yes 


yes 


Standard 


MB 8856M 


2 


4/8 


yes 


yes 


Standard 


MB 8856AM 


2 


4/8 


yes 


yes 


Standard 


MB 8856 LM 


2 


4/8 


yes 


yes 


Standard 


MB8858M 


2 


4/8 


yes 


yes 


Wide voltage range 


MB 8858AM 


2 


4/8 


yes 


yes 


Low voltage 


MB 8858 LM 
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Table 2: (Continued) 



Device Number 


Process 


ROM 
Size 

[bits] 


RAM 
Size 
[bits] 


Package 


Ambient 

Temperature 

Range 


Serial 

Port 

Output 

Latch 


Serial 
Buffer 


Nesting 
Levels 


MB 88201 -P 


CMOS 


512x8 


16x4 


DIP 


-40 to +85 


- 


- 


2 


MB 88201 -PF 


CMOS 


512x8 


16x4 


FPT 


-40 to +85 


- 


- 


2 


MB88201A-P 


CMOS 


512x8 


16x4 


DIP 


-30 to +70 


- 


- 


2 


MB 88201 A-PF 


CMOS 


512x8 


16x4 


FPT 


-30 to +70 


- 


- 


2 


MB 88201 H-P 


CMOS 


512x8 


16x4 


DIP 


-40 to +85 


- 


- 


2 


MB 88201 H-PF 


CMOS 


512x8 


16x4 


FPT 


-40 to +85 


- 


- 


2 


MB88202-P 


CMOS 


1Kx8 


32x4 


DIP 


-40 to +85 


- 


- 


4 


MB88202-PF 


CMOS 


1Kx8 


32x4 


FPT 


-40 to +85 


- 


- 


4 


MB 88202 A-P 


CMOS 


1Kx8 


32x4 


DIP 


-30 to +70 


- 


- 


4 


MB 88202 A-PF 


CMOS 


1Kx8 


32x4 


FPT 


-30 to +70 


- 


- 


4 


MB88202H-P 


CMOS 


1Kx8 


32x4 


DIP 


-40 to +85 


- 


- 


4 


MB88202H-PF 


CMOS 


1Kx8 


32x4 


FPT 


-40 to +85 


- 


- 


4 


*MB88205B-P 


CMOS 


1Kx8 


32x4 


DIP 


-40 to +85 


- 


- 


4 


MB88211-P 


CMOS 


1Kx8 


32x4 


DIP 


to +70 


- 


- 


4 


MB88401-P/-PSH 


NMOS 


4Kx8 


192x4 


DIP 


-30 to +70 


yes 


4 


8 


MB 88401 -PF 


NMOS 


4Kx8 


192x4 


FPT 


-30 to +70 


yes 


4 


8 


MB 88401 H-P/-PSH 


NMOS 


4Kx8 


256x4 


DIP 


-30 to +70 


yes 


4 


8 


MB 88401 H-PF 


NMOS 


4Kx8 


256x4 


FPT 


-30 to +70 


yes 


4 


8 


MB88403H-P/-PSH 


NMOS 


2Kx8 


256x4 


DIP 


-30 to +70 


yes 


4 


8 


MB88403H-PF 


NMOS 


2Kx8 


256x4 


FPT 


-30 to +70 


yes 


4 


8 


MB88411-P/-PSH 


NMOS 


4Kx8 


192x4 


DIP 


-30 to +70 


yes 


4 


8 


MB88411-PF 


NMOS 


4Kx8 


192x4 


FPT 


-30 to +70 


yes 


4 


8 


MB88411H-P/-PSH 


NMOS 


4Kx8 


256x4 


DIP 


-30 to +70 


yes 


4 


8 


MB 88411 H-PF 


NMOS 


4Kx8 


256x4 


FPT 


-30 to +70 


yes 


4 


8 


MB88413-P/-PSH 


NMOS 


2Kx8 


192x4 


DIP 


^30 to +70 


yes 


4 


8 


MB88413-PF 


NMOS 


2Kx8 


1 92 X 4 


FPT 


-30 to +70 


yes 


4 


8 


MB88413H-P/-PSH 


NMOS 


2Kx8 


256x4 


DIP 


-30 to +70 


yes 


4 


8 


MB88413H-PF 


NMOS 


2Kx8 


256x4 


FPT 


-30 to +70 


yes 


4 


8 


MB88421-PSH 


NMOS 


4Kx8 


192x4 


DIP 


-30 to +70 


yes 


4 


8 


MB 88421 H-PSH 


NMOS 


4Kx8 


256x4 


DIP 


-30 to +70 


yes 


4 


8 


MB88422-PSH 


NMOS 


3Kx8 


192x4 


DIP 


-30 to +70 


yes 


4 


8 


MB 88423-PSH 


NMOS 


2Kx8 


128x4 


DIP 


-30 to +70 


yes 


4 


8 
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Output 

Port 
Options'' 



PLA 

Output 

Ports 

[bits] 



Optional 
On-chip 
Prescaler 



On-chip 

Clock 

Generator 



Features 



Device Number 



yes 



yes 



Low cost 



MB 88201 -P 



yes 



yes 



Low cost 



MB 88201 -PF 



yes 



yes 



Wide voltage range 



MB 88201 A-P 



yes 



yes 



Wide voltage range 



MB88201A-PF 



yes 



yes 



High speed 



MB 88201 HP 



yes 



yes 



High speed 



MB 88201 H-PF 



yes 



yes 



Low cost 



MB 88202-P 



yes 



yes 



Low cost 



MB88202-PF 



yes 



Wide voltage range 



MB 88202 A-P 



yes 



yes 



Wide voltage range 



MB 88202A-PF 



yes 



yes 



High speed 



MB88202H-P 



yes 



yes 



High speed 



MB88202H-PF 



yes 



yes 



Low cost, VFD driver port [8 seg. x 8 digits] *MB 88205B-P 



yes (fixed) 



yes 



Low cost, A/D converter [8 bits x 1 channel] MB 8821 1 -P 



4/8 



yes 



yes 



Standard 



MB 88401 -P/-PSH 



4/8 



yes 



yes 



Standard 



MB88401-PF 



4/8 



yes 



yes 



High speed 



MB 88401 H-P/-PSH 



4/8 



yes 



yes 



High speed 



MB 88401 H-PF 



4/8 



yes 



yes 



High speed, ROM 2K version 



MB 88403H-P/-PSH 



4/8 



yes 



yes 



High speed, ROM 2K version 



MB 88403H-PF 



4/8 



yes 



yes 



On-chip A/D converter* [8 bits x 7 channels] MB 8841 1-P/-PSH 



4/8 



yes 



yes 



On-chip A/D converter [8 bits x 7 channels] MB 8841 1-PF 



4/8 



yes 



yes 



On-chip A/D converter [8 bits x 7 channels] 
high speed 



MB88411H-P/-PSH 



4/8 



yes 



yes 



On-chip A/D converter [8 bits x 7 channels] , 
high speed 



MB 88411 H-PF 



4/8 



yes 



yes 



On-chip A/D converter [8 bits x 7 channels] 
ROM 2K version 



MB88413-P/-PSH 



4/8 



yes 



yes 



On-chip A/D converter [8 bits x 7 channels] , 
ROM 2K version 



MB88413-PF 



4/8 



yes 



yes 



On-chip A/D converter [8 bits x 7 channels] 
high speed, ROM 2K version 



MB88413H-P/-PSH 



4/8 



yes 



yes 



On-chip A/D converter [8 bits x 7 channels] , 
high speed, ROM 2K version 



MB88413H-PF 



yes 



yes 



Multiple I/O ports [57 I/O ports] 



MB88421-PSH 



yes 



yes 



Multiple I/O ports [51 I/O ports] , high-speed MB 88421 H-PSH 



yes 



yes 



Multiple I/O ports [57 I/O ports] 
ROM 3K version 



MB88422-PSH 



yes 



yes 



Multiple I/O ports [57 I/O ports] , 
ROM 2K version 



MB88423-PSH 
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Table 2: (Continued) 



Device Number 


Process 


ROM 
Size 
[bits] 


RAM 
Size 
[bits] 


Package 


Ambient 

Temperature 

Range 

Cc] 


Serial 

Port 

Output 

Latch 


Serial 
Buffer 


Nesting 
Levels 


MB 88501 -P/-PSH 


CMOS 


4Kx8 


192x4 


DIP 


-40 to +85 


yes 


4 


8 


MB 88501 -PF 


CMOS 


4Kx8 


192x4 


FPT 


-40 to +85 


yes 


4 


8 


MB 88501 A-P/-PSH 


CMOS 


4Kx8 


192x4 


DIP 


-30 to +70 


yes 


4 


8 


MB 88501 A-PF 


CMOS 


4Kx8 


192x4 


FPT 


-30 to +70 


yes 


4 


8 


MB 88501 H-P/-PSH 


CMOS 


4Kx8 


256x4 


DIP 


-40 to +85 


yes 


4 


8 


MB 88501 H-PF 


CMOS 


4Kx8 


256x4 


FPT 


-40 to +85 


yes 


4 


8 


MB 88503H-P/-PSH 


CMOS 


2Kx8 


256x4 


DIP 


-40 to +85 


yes 


4 


8 


MB 88503H-PF 


CMOS 


2Kx8 


256x4 


FPT 


-40 to +85 


yes 


4 


8 


MB 88505-P/-PSH 


CMOS 


4Kx8 


256x4 


DIP 


-40 to +85 


yes 


4/8 


8 


MB 88505-PF 


CMOS 


4Kx8 


256x4 


FPT 


-40 to +85 


yes 


4/8 


8 


MB88505A-P/-PSH 


CMOS 


4Kx8 


256x4 


DIP 


-30 to +70 


yes 


4/8 


8 


MB 88505A-PF 


CMOS 


4Kx8 


256x4 


FPT 


-30 to +70 


yes 


4/8 


8 


MB88505H-P/-PSH 


CMOS 


4Kx8 


256x4 


DIP 


-40 to +85 


yes 


4/8 


8 


MB88505H-PF 


CMOS 


4Kx8 


256x4 


FPT 


-40 to +85 


yes 


4/8 


8 


MB 88507-P/-PSH 


CMOS 


2Kx8 


256x4 


DIP 


-40 to -85 


yes 


4/8 


8 


MB88507-PF 


CMOS 


2Kx8 


256x4 


FPT 


-40 to +85 


yes 


4/8 


8 


*MB88511-P/-PSH 


CMOS 


4Kx8 


256x4 


DIP 


-40 to +85 


yes 


4/8 


8 


*MB88511-PF 


CMOS 


4Kx8 


256x4 


FPT 


-40 to +85 


yes 


4/8 


8 


*MB88513-P/-PSH 


CMOS 


2Kx8 


192x4 


DIP 


-40 to +85 


yes 


4/8 


8 


*MB88513-PF 


CMOS 


2Kx8 


192x4 


FPT 


-40 to +85 


yes 


4/8 


8 


MB88514B-PSH 


CMOS 


6Kx8 


256x4 


DIP 


-40 to +85 


yes 


4/8 


8 


MB88515B-PSH 


CMOS 


8Kx8 


256x4 


DIP 


-40 to +85 


yes 


4/8 


8 


MB88516B-PSH 


CMOS 


4Kx8 


256x4 


DIP 


-40 to +85 


yes 


4/8 


8 


MB88517B-P 


CMOS 


4K X 8 


256 X 4 


DIP 


-40 to +85 


yes 


4/8 


8 


MB88521-PSH 


CMOS 


4Kx8 


256x4 


DIP 


-30 to +70 


yes 


4 


8 


MB88521-PF 


CMOS 


4Kx8 


256x4 


FPT 


-30 to +70 


yes 


4 


8 
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■11 

FUJITSU 



Output 

Port 

Options'" 


PLA 
Output 
Port^ 
[bits] 


Optional 
On-chip 
Prescaler 


On-chip 

Clock 

Generator 


Features 


Device Number 


2 


4/8 


yes 


yes 


Standard 


MB 88501 -P/-PSH 


2 


4/8 


yes 


yes 


Standard 


MB 88501 -PF 


2 


4/8 


yes 


yes 


Wide voltage range 


MB 88501 A-P/-PSH 


2 


4/8 


yes 


yes 


Wide voltage range 


MB 88501 A-PF 


4 


4/8 


yes 


yes 


High speed 


MB 88501 H-P/-PSH 


4 


4/8 


yes 


yes 


High speed 


MB 88501 H-PF 


4 


4/8 


yes 


yes 


High speed, ROM 2K version 


MB88503H-P/-PSH 


4 


4/8 


yes 


yes 


High speed, ROM 2K version 


MB88503H-PF 


2 


4 


yes 


yes 


Serial buffer 4/8 bits 


MB88505-P/-PSH 


2 


4 


yes 


yes 


Serial buffer 4/8 bits 


MB 88505-PF 


2 


4 


yes 


yes 


Serial buffer 4/8 bits, wide voltage range 


MB 88505 A-P/-PSH 


2 


4 


yes 


yes 


Serial buffer 4/8 bits, wide voltage range 


MB 88505A-PF 


2 


4 


yes 


yes 


High speed, serial buffer 4/8 bits 


MB 88505H-P/-PSH 


2 


4 


yes 


yes 


High speed, serial buffer 4/8 bits 


MB 88505H-PF 


2 


4 


yes 


yes 


High speed, ROM 2K version 


MB 88507-P/-PSH 


2 


4 


yes 


yes 


High speed, ROM 2K version 


MB 88507-PF 


4 


- 


yes 


yes 


On-chip A/D converter [8 bits x 4 channels] 


*MB88511-P/-PSH 


4 


- 


yes 


yes 


On-chip A/D converter [8 bits x 4 channels] 


*MB88511-PF 


4 


- 


yes 


yes 


On-chip A/D converter [8 bits x 4 channels] , 
ROM 2K version 


*MB88513-P/-PSH 


4 


- 


yes 


yes 


On-chip A/D converter [8 bits x 4 channels] , 
ROM 2K version 


*MB88513-PF 


4 


- 


yes 


yes 


On-chip A/D converter [8 bits x 8 channels] , 
multiple I/O ports [54 I/O ports] , VFD driver 
port [18 seg. x 7 digits] , ROM 6K version 


MB88514B-PSH 


4 


- 


yes 


yes 


On-chip A/D converter [8 bfjts x 8 channels] , 
multiple I/O ports [54 I/O ports] , VFD driver 
port [18 seg. x 7 digits] , ROM 8K version 


MB88515B-PSH 


4 


- 


yes 


yes 


On-chip A/D converter [8-bits x 8 channels] , 
VFD driver port [10 seg. X 7 digits] 


MB88516B-PSH 


4 


- 


yes 


yes 


On-chip A/D converter [8-bits x 4 channels] , 
VFD driver port [8 seg. x 6 digits] 


MB88517B-P 


3 


- 


yes 


yes 


Multiple I/O ports [57 I/O ports] 


MB88521-PSH 


2 


- 


yes 


yes 


Multiple I/O ports [57 I/O ports] 


MB 88521 -PF 
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Table 2: (Contined) 



Device Number 


Process 


ROM 
Size 

[bits] 


RAM 
Size 

[bits] 


Package 


Ambient 

Temperature 

Range 

[°C] 


Serial 

Port 

Output 

Latch 


Serial 
Buffer 


Nesting 
Levels 


*MB88522-PSH 


CMOS 


4Kx8 


256x4 


DIP 


-30 to +70 


yes 


4 


8 


MB88523-PSH 


CMOS 


2Kx8 


256x4 


DIP 


-30 to +70 


yes 


4 


8 


MB88523-PF 


CMOS 


2Kx8 


256x4 


FPT 


-30 to +70 


yes 


4 


8 


MB88525-PSH 


CMOS 


4Kx8 


256x4 


DIP 


-30 to +70 


yes 


4/8 


8 


MB88525B-PSH 


CMOS 


4Kx8 


256x4 


DIP 


-30 to +70 


yes 


4/8 


8 


MB 88525B-PF 


CMOS 


4Kx8 


256x4 


FPT 


-30 to +70 


yes 


4/8 


8 


MB 88535-P/-PSH^ 


CMOS 


2Kx8 


128x4 


DIP 


-30 to +70 


option 


4 


4 


MB 88535-PF^ 


CMOS 


2Kx8 


128x4 


FPT 


-30 to +70 


option 


4 


4 


MB88536-P/-PSH^ 


CMOS 


2Kx8 


128x4 


DIP 


-30 to +70 


option 


4 


4 


MB88536-PF2 


CMOS 


2Kx8 


128x4 


FPT 


-30 to +70 


option 


4 


4 


MB88541-PF 


CMOS 


4Kx8 


256 X 4 


FPT 


-40 to +85 


yes 


4 


8 


*MB 88543-PF 


CMOS 


4Kx8 


256x4 


FPT 


-40 to +85 


yes 


4/8 


8 


*MB88544-PF 


CMOS 


4Kx8 


256 X 4 


FPT 


-40 to +85 


yes 


4/8 


8 


*MB 88545-PF 


CMOS 


4Kx8 


256x4 


FPT 


-40 to +85 


yes 


4/8 


8 


*MB 88546-PF 


CMOS 


4Kx8 


256 X 4 


FPT 


-40 to +85 


yes 


4/8 


8 
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FUJITSU 



Output 

Port 

Options^ 



PLA 
Output 
Port^ 
[bits] 



Optional On-chip 

On-chip Clock 

Prescaler Generator 



Features 



Device Number 



TBD 



yes 



yes 



Multiple I/O ports [57 I/O ports] , 
square wave output 



*MB88522-PSH 



yes 



yes 



Multiple I/O ports [57 I/O ports] , 
ROM 2K version 



MB88523-PSH 



yes 



yes 



Multiple I/O ports [57 I/O ports] , 
ROM 2K version 



MB 88523-PF 



yes 



yes 



Multiple I/O ports [57 I/O ports] , 
serial buffer 4/8 bits 



MB 88525-PSH 



Multiple I/O ports [57 I/O ports] , 
VFD driver port [8seg. x 16 digits] 



yes 



yes 



MB88525B-PSH 



yes 



yes 



Multiple I/O ports [57 I/O ports] , 
VFD driver port [8 seg. x 16 digits] 



MB 88525B-PF 



yes 



yes 



On-chip D/A converter [6 bits x 3 channels] 



MB 88535-P/-PSH^ 



yes 



yes 



On-chip D/A converter [6 bits x 3 channels] 



MB 88535-PF^ 



yes 



yes 



On-chip D/A converter [6 bits x 3 channels, 
13 bits X 1 channel] 



MB88536-P/-PSH^ 



yes 



yes 



On-chip D/A converter [6 bits x 3 channels, 
13 bits X 1 channel] 



MB88536-PF2 



On-chip LCD driver 
yes yes [24 segment output and 4 common output, 

programmable duty: static, 1/2, 1/3, and 1/4] 



MB 88541 -PF 



yes 



yes 



On-chip LCD driver 

[32 segment output and 4 common output, 
programmable duty: static, 1/2, 1/3, and 1/4], 
serial buffer 4/8 bit 



*MB 88543-PF 



yes 



yes 



On-chip LCD driver 

[24 segment output and 4 common output, 
programmable duty: static, 1/2, 1/3, and 1/4] 
serial buffer 4/8 bit 



*MB88544-PF 



yes 



yes 



On-chip LCD driver 

[32 segment output and 4 common output, 
programmable duty: static, 1/2, 1/3, and 1/4], 
two clock, serial buffer 4/8 bit 



*MB88545-PF 



yes 



yes 



On-chip LCD driver 

[24 segment output and 4 common output, 
programmable duty: static, 1/2, 1/3, and 1/4] , 
two clock, serial buffer 4/8 bit 



*MB88546-PF 
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Table 2: (Continued) 



Device Number 


Process 


ROM 
Size 
[bits] 


RAM 
Size 
[bits] 


Package 


Ambient 

Temperature 

Range 


Serial 
Port 

Output 
Latch 


Serial 
Buffer 


Nesting 
Levels 


MB88551-PF 


CMOS 


8Kx8 


256x4 


FPT 


-30 to +70 


yes 


4/8 


8 


MB 88551 H-PF 


CMOS 


8Kx8 


256x4 


FPT 


-30 to +70 


yes 


4/8 


8 


MB 88552-PF 


CMOS 


6Kx8 


256x4 


FPT 


-30 to +70 


yes 


4/8 


8 


MB88552H-PF 


CMOS 


6Kx8 


256x4 


FPT 


-30 to +70 


yes 


4/8 


8 


MB 88561 -PF 


CMOS 


3Kx8 


192x4 


FPT 


-40 to +85 


yes 


- 


4 


*MB 88562-PF 


CMOS 


4Kx8 


256x4 


FPT 


-40 to +85 


yes 


- 


4 



Notes: 

1 . Standard pull-up, high-current pull-up, standard open-drain, high-current open-drain, middle-current open-drain, high-voltage 
open-drain, and 12V-interface open-drain output port configurations are available on certain devices. 

2. "4" means dual 4-bit parallel output, "8" means 8-bit parallel output. Either option is available. 

3. MB 8850 series device. 
* Under development. 
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Output 

Port 
Options^ 


PLA 
Output 
Port^ 
[bits] 


Optional 
On-chip 
Prescaler 


On-chip 

Clock 

Generator 


Features 


Device Number 


3 


- 


yes 


yes 


On-chip A/D converter [5 bits x 4 channels] , 
programmable pulse generator [9 bits x 1] , 
multiple I/O ports [68 I/O ports] 


MB88551-PF 


3 


- 


yes 


yes 


On-chip A/D converter [5 bits x 4 channels] , 
programmable pulse generator [9 bits x 1 ] , 
multiple I/O ports [68 I/O ports] , high speed 


MB 88551 H-PF 


3 


- 


yes 


yes 


On-chip A/D converter [5 bits x 4 channels] , 
programmable pulse generator [9 bits x 1] , 
multiple I/O ports [68 I/O ports] 


MB88552-PF 


3 


- 


yes 


yes 


On-chip A/D converter [5 bits x 4 channels] , 
programmable pulse generator [9 bits x 1] , 
Multiple I/O ports [68 I/O ports] , high speed 


MB 88552H-PF 


2 


- 


- 


yes 


On-chip LCD driver [26 segment output and 
2 common output, 1/2 duty] , PLL, 
A/D converter [6 bits x 3 channels] 


MB88561-PF 


2 


- 


- 


yes 


On-chip VFD driver [39 segment output],PLL, 
A/D converter [6 bits x 3 channels] 


*MB 88562-PF 
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Tables: PERIPHERAL INTEGRATED CIRCUITS FOR THE FUJITSU 4-BIT MCU FAMILY 



Process Device Number 



Function 



Features 



NMOS 



MB 88301A-P 



D/A Converter 



Pulsewidth modulation type, 6-bit x 3 ch. 
13-bit X 1 ch., 4-bit data input 



MB88303-P 



TV Display Controller 
[for TV/VCR] 



20 character x 9 lines, 5x7 dot matrix, 
64 character types, programmable character 
size/position/blink, parallel data input, 
character generator ROM 



MB88304-P 



I/O Expander 
[open-drain output] 



4-bit X 4 ch. I/O ports, parallel/AND/OR 
I/O ports, power on reset 



MB 88305-P 



I/O Expander 
[3 state output] 



4-bit X 4 ch. I/O ports, parallel/AND/OR 
I/O ports, power on reset 



CMOS 



MB88306-P/-PF 



Output Expander 



Rising-edge-triggered shift clock input, 
8-bit CMOS data output, serial I/O 



MB88307-P/-PF 



Output Expander 



Rising-edge-triggered shift clock input, 
8-bit N-ch. open-drain data output, serial I/O 



MB 88308-P/-PF 



Output Expander 



Falling-edge-triggered shift clock input, 
8-bit CMOS data output, serial I/O 



MB 88309-P/-PF 



Output Expander 



Falling-edge-triggered shift clock input, 
8-bit N-ch. open-drain data output, serial I/O 



MB88310-P 



I/O Expander 
[open-drain output] 



CMOS version of MB 88304 



MB88311-P 



I/O Expander 
[3 state output] 



CMOS version of MB 88305 



MB88313-P 



TV Display Controller 
[for TV/VCR] 



16(8) characters x 1(2), line(s),5 x 7 dot 
matrix, 32 character types, programmable 
character size/position/blink, serial data input, 
character generator ROM 



*MB88321-P 



TV Display Controller 
[for TV, ROM version] 



20 characters x 9 lines, 8x8 dot matrix, 
64 character types, programmable character 
size/position/blink, serial data input, character 
generator ROM, RGB outputs 



*MB 88322-P 



TV Display Controller 
[for TV, RAM version] 



Character generator RAM version of MB 88321 



MB88323-P 



TV Display Controller 
[for VCR, ROM version] 



20 characters x 9 lines, 8x8 dot matrix, 
64 character types, programmable character 
size/position/blink, serial data input, character 
generator ROM, V & H sync generation 



MB88324-P 



TV Display Controller 
[for VCR, RAM version] 



Character generator RAM version of MB 88323 



Under development 



19 
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Package 


Supply 
Voltage 


Ambient 

Temperature 

Range 

rc] 


Typical 

Operating 

Clock Frequency 

[MHz] 


Process 


DIP-16P-M02 


5.0 ±10% 


-30 to +70 


4.0 


NMOS 


DIP-22P-M02/ 
FPT-24P-M02 


5.0 ±10% 


-30 to +70 


6.0 


DIP-24P-M01 


5.0 ±10% 


-30 to +70 


- 


DIP-24P-M01 


5.0 ±10% 


-30 to +70 


- 


DIP-16P-M02/ 
FPT-16P-M02 


5.0 ±10% 


-40 to +85 


2.0 


CMOS 


DIP-16P-M02/ 
FPT-16P-M02 


5.0 ±10% 


-40 to +85 


2.0 


DIP-16P-M02/ 
FPT-16P-M02 


5.0 ±10% 


-40 to +85 


2.0 


DIP-16P-M02/ 
FPT-16P-M02 


5.0 ±10% 


-40 to +85 


2.0 


DIP-24P-M01 


5.0 ±10% 


-40 to +85 


- 


DIP-24P-M01 


5.0 ±10% 


-40 to +85 


- 


DIP-16P-M02/ 
FPT-16P-M02 


5.0 ±10% 


-30 to +70 


6.0 


DIP-22P-M02 


5.0 ±10% 


-30 to +70 


TBD 


DIP-22P-M02 


5.0 ±10% 


-30 to +70 


TBD 


DIP-22P-M02 


5.0 + 10% 


-30 to +70 


7.16 


DIP-22P-M02 


5.0 ±10% 


-30 to +70 


7.16 
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Table 4: PIGGYBACK EPROM TYPE EVALUATION DEVICES FOR THE FUJITSU 4-BIT FAMILY 



Device Number"' 


Applicable 
Series/ 
Devices 


Process 


Piggyback 
EPROM 


External 
ROM 
Size 

[bits] 


Package 


Supply 
Voltage 


Ambient 
Temperature 


RAM 
Size 
[bits] 


MB8850U1-C^01E 


MB 8840/50 


CMOS 


MBM 27C32A 


4Kx8 


MDP-42C-P04 


5.0 ±10% 


-40 to +85 


128x4 


MB8850U1-C^02E 


MB 8840/50 


CMOS 


MBM 27C32A 


4Kx8 


MDP42C-P04 


5.0 ±10% 


-^0 to +85 


128x4 


MB8850U1-C403E 


MB 8840/50 


CMOS 


MBM 27C32A 


4Kx8 


MDP-42C-P04 


5.0 ± 10% 


-40 to +85 


128x4 


MB8850U1-C^11E 


MB 8840/50 


CMOS 


MBM 27C32A 


4Kx8 


MDP-42C-P04 


5.0 ± 10% 


-40 to +85 


128x4 


MB8850U1-C-412E 


MB 8840/50 


CMOS 


MBM 27C32A 


4Kx8 


MDP42C-P04 


5.0 ± 10% 


-40 to +85 


128x4 


MB8850U1-C-413E 


MB 8840/50 


CMOS 


MBM 27C32A 


4Kx8 


MDP-42C-P04 


5.0 ±10% 


-40 to +85 


128x4 


MB8850U2-C-401E 


MB 8840/50 


CMOS 


MBM 27C32A 


4Kx8 


MDP42C-P04 


5.0 ±10% 


-40 to +85 


128x4 


MB 8850U2-C-402E 


MB 8840/50 


CMOS 


MBM 27C32A 


4Kx8 


MDP-42C-P04 


5.0 ± 10% 


^0 to +85 


128x4 


MB 8850U2-C-403E 


MB 8840/50 


CMOS 


MBM 27C32A 


4Kx8 


MDP^2C-P04 


5.0 ± 10% 


-40 to +85 


128x4 


MB8850U2-C-411E 


MB 8840/50 


CMOS 


MBM 27C32A 


4Kx8 


MpP-42C-P04 


5.0 ±10% 


-40 to +85 


128x4 


MB8850U2-C-412E 


MB 8840/50 


CMOS 


MBM 27C32A 


4Kx8 


MDP-42C-P04 


5.0 ±10% 


-40 to +85 


128x4 


MB8850U2-C-413E 


MB 8840/50 


CMOS 


MBM 27C32A 


4Kx8 


MDP-42C-P04 


5.0 ± 10% 


-40 to +85 


128x4 


MB 8850H-C-001 


MB 8840H/50H 


CMOS 


MBM 27C32A 


4Kx8 


MDP-42C-P04 


5.0 ±10% 


^0 to +85 


128x4 


MB 8850H-C-002 


MB 8840H/50H 


CMOS 


MBM 27C32A 


4Kx8 


MDP-42C-P04 


5.0 ±10% 


^0 to +85 


128x4 


MB88408U-C-001E 


MB 88400 


NMOS 


MBM 2732A 


4Kx8 


MDP-42C-P03 


5.0 ± 10% 


-30 to +70 


192x4 


MB 88408U-C-002E 


MB 88400 


NMOS 


MBM 2732A 


4Kx8 


MDP-42C-P03 


5.0 ±10% 


-30 to +70 


192x4 


MB 88408U-C-003E 


MB 88400 


NMOS 


MBM 2732A 


4Kx8 


MDP-42C-P03 


5.0 ±10% 


-30 to +70 


192x4 


MB88408H-C-101 


MB 88400 H 


NMOS 


MBM 2732A 


4Kx8 


MDP-42C-P03 


5.0 ±10% 


-30 to +70 


256x4 


MB88408H-C-111 


MB 88400H 


NMOS 


MBM 2732A 


4Kx8 


MDP-42C-P03 


5.0 ± 10% 


-30 to +70 


256x4 


MB88418-C-001E 


MB 88410 


NMOS 


MBM 2732A 


4Kx8 


MDP-42C-P03 


5.0+ 10% 


-30 to +70 


192x4 


MB88418H-C-101 


MB 8841 OH 


NMOS 


MBM 2732A 


4Kx8 


MDP-42C-P03 


5.0 ± 10% 


-30 to +70 


256x4 


MB88418H-C-111 


MB88410H 


NMOS 


MBM 2732A 


4Kx8 


MDP42C-P03 


5.0 ± 10% 


-30 to +70 


256x4 


MB88428-C-101 


MB 88420 


NMOS 


MBM 2764/ 
MBM 2732A 


8Kx8 
4Kx8 


MDP-64C-P01 


5.0 ± 10% 


-30 to +70 


256 x 4 


*MB 88428-C-102 


MB 88420 


NMOS 


MBM 2764/ 
MBM 2732A 


8Kx8 
4Kx8 


MDP-64C-P0i 


5.0 ± 10% 


-30 to +70 


256x4 



2-152 



FUJITSU 



Number 

of Output 

Instruc- Port 

tions 



PLA 
Output 

Mask 
Number 



Serial 
Port 

Output 
Latch 



On-chip 
Prescaler 



Oscillation 
Type 



Standby 
Function 



Output 
Port 
Level 

During 
Standby 



Serial 
Buffer 



Output 

Port 

Level 

During 

Reset 



Device Number 



70 
70 
70 

70 
70 
70 

70 
70 
70 

70 
70 
70 



standard 
open-drain 

standard 
open-drain 

standard 
open -drain 

standard 
pull-up 

standard 
pull-up 

standard 
pull-up 

standard 
open-drain 

standard 
open -drain 

standard 
open -drain 

standard 
pull-up 

standard 
pull-up 

standard 
pull-up 



#001 2 
#002^ 
#003"^ 
#001 2 
#002^ 
#003"* 
#001 2 
#002^ 
#003"^ 

#001 2 
#002^ 
#003"^ 



yes 
yes 
yes 

yes 
yes 
yes 



yes/no^ 
yes/no^ 
yes/no^ 

yes/no^ 
yes/no^ 
yes/no^ 

no yes/no 

no yes/no 

no yes/no 

no yes/no^ 

no yes/no 

no yes/no 



crystal/ 
ceramic 

crystal/ 
ceramic 

crystal/ 
ceramic 

crystal/ 
ceramic 

crystal/ 
ceramic 

crystal/ 



crystal/ 
ceramic 

crystal/ 
ceramic 

crystal/ 
ceramic 

crystal/ 
ceramic 

crystal/ 
ceramic 

crystal/ 



yes/no^ 
yes/no^ 
yes/no^ 

yes/no^ 

yes/no 

yes/no 

yes/no^ 
yes/no 
yes/no 

yes/no 
yes/no 
yes/no 



high-Z 
high-Z 
high-Z 

high-Z 
high-Z 
high-Z 

high-Z 
high-Z 
high-Z 

high-Z 
high-Z 
high-Z 



high 
high 
high 

high 
high 
high 

high 
high 
high 

high 
high 
high 



MB8850U1-C-401E 
MB8850U1-C-402E 
MB8850U1-C-403E 

MB8850U1-C411E 
MB8850U1-C-412E 
MB8850U1-C-413E 

MB 8850U2-C-401 E 
MB 8850U2-C-402E 
MB 8850U2-C-403E 

MB 8850U2-C-41 1 E 
MB8850U2-C-412E 
MB8850U2-C413E 



70 
70 



standard "'^ 
open-drain 

standard ""^ 
open-dran 



#001 2 
#001 2 



yes/no 
yes/no 



crystal/ 
ceramic 

crystal/ 
ceramic 



yes/no^ ^ 
(soft) 
yes/no^ 2 
(hard) 



hold 
hold 



low 
high 



MB 8850H-C-001 
MB 8850H-C-002 



75 
75 
75 



high-current 
open -drain 

high -current 
open -drain 

high-current 
open -drain 



#001^ 



#002*^ 



#003"^ 



yes 
yes 
yes 



yes/no 
yes/no 
yes/no^ 



crystal 
ceramic 

crystal/ 
ceramic 

crystal/ 
ceramic 



high 
high 
high 



MB 88408 U-C-001 E 
MB 88408U-C-002E 
MB 88408U-C-003E 



76 
76 



high -current 
open -drain 

high -current 
open-drain 



#001 2 
#001 2 



yes 
yes 



yes/no 
yes/no^ 



crystal/ 
ceramic 

crystal/ 
ceramic 



high 
low 



MB88408H-C-101 
MB88408H-C-111 



high-current 
open-drain 



#001 2 



yes yes/no 



crystal/ 
ceramic 



high 



MB88418-C-001E 



75 
75 



high -current 
open -drain 

high -current 
open -drain 



#001^ 



#001 -^ 



yes 
yes 



yes/no^ 
yes/no^ 



crystal/ 
ceramic 

crystal/ 
ceramic 



high 
low 



MB88418H-C-101 
MB88418H-C-111 



81 
81 



standard 
pull-up 

standard 
open-drain 



yes 
yes 



yes 
yes 



crystal/ 
ceramic 

crystal/ 
ceramic 



high 
high 



MB88428-C-101 
*MB88428-C-102 
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Table 4: (Continued) 



Device Number 



AppMcabie 
Series/ 
Devices 



Process 



Piggyback 
EPROM 



External 
ROM 
Size 
[bits] 



Package 



Supply 
Voltage 



Ambient 

Temperature 

Range 

[°C] 



RAM 
Size 
[bits] 



MB 88428H-C-201 
MB 88428 H-C-202 
MB 88428 H-C-203 



MB 88420H 
MB 884 20H 
MB 88420H 



NMOS 
NMOS 
NMOS 



MBM 2764/ 
MBM 2732A 

MBM 2764/ 
MBM 27 32 A 

MBM 2764/ 
MBM 2732A 



8Kx8 
4Kx8 

8Kx8 
4Kx8 

8Kx8 
4Kx8 



MDP-64C-P01 
MDP-64C-P01 
MDP-64C-P01 



5.0 ± 10% 
5.0 ± 10% 
5.0 ± 10% 



-30 to +70 
-30 to +70 
-30 to +70 



256x4 
256 X 4 
256x4 



MB88508-C-101 

MB88508-CF-1016 

MB88508U-C-101 

MB88508U-CF-1016 

MB88508U-C-102 

MB88508U-CF-102^ 



MB 88501 
MB 88501 
MB 88505/507 
MB 88505/507 
MB 88505/507 
MB 88505/507 



CMOS 
CMOS 
CMOS 
CMOS 
CMOS 
CMOS 



MBM 27C64/ 
MBM 27C32A 



8Kx8 
4Kx8 



MBM 27C64^ 8K x 8 



MBM 27C64/ 
MBM 27C32A 



MBM 27C64^ 



MBM 27C64/ 
MBM 27C32A 



MBM27C64' 



8Kx8 
4Kx8 



8Kx8 
4Kx8 



MDP42C-P03 
MQP-48C-P01 
MDP-42C-P03 
MQP-48C-P01 
MDP-42C-P03 
MaP-48C-P01 



5.0 ± 10% 
5.0 ± 10% 
5.0 ± 10% 
5.0 ± 10% 
5.0 ± 10% 
5.0 ± 10% 



-40 to +85 
-40 to +85 
-40 to +85 
-40 to +85 
-40 to +85 
-40 to +85 



256x4 
256x4 
256x4 
256x4 
256x4 
256x4 



MB88508H-C-101 
MB88508H-CF-101^ 
^MB88508H-C-102 
*MB88508H-CF-1026 



MB 88501 H/ 
503H 

MB 88501 H/ 
503 H 

MB 88501 H/ 
503H 

MB 88501 H/ 
503 H 



CMOS 
CMOS 
CMOS 
CMOS 



MBM 27C64/ 
MBM 27C32A 



8Kx8 
4Kx8 



MBM 27C64^ 8K x 8 



MBM 27C64/ 
MBM 27C32A 



8Kx8 
4Kx8 



MBM 27C64^ 8K x 8 



MDP-42C-P04 
MQP-48C-P01 
MDP-42C-P04 
MQP-48C-P01 



5.0 ± 10% 
5.0 ± 10% 
5.0 ± 10% 
5.0 ± 10% 



-40 to +85 
-40 to +85 
-40 to +85 
-40 to +85 



256x4 
256x4 
256x4 
256x4 



»MB88PG517B-C-201 
MB88PG517B-C-202 
MB88518B-C-101 
MB88518B-C-102 



MB88517B 



MB 88514B/ 
515B/516B 

MB88514B/ 
515B/516B 



CMOS 
CMOS 
CMOS 
CMOS 



MBM 27C64/ 
MBM 27C32A 

MBM 27C64/ 
MBM 27C32A 

MBM 27C64/ 
MBM 27C32A 

MBM 27C64/ 
MBM 27C32A 



8Kx8 
4Kx8 

8Kx8 
4Kx8 

8Kx8 
4Kx8 

8Kx8 
4Kx8 



MDP-42C-P04 
MDP-42C-P04 
MDP-64C-P01 
MDP-64C-P01 



5.0 ± 10% 
5.0 ± 10% 
5.0 ±10% 
5.0 ± 10% 



-40 to +85 
-40 to +85 
-40 to +85 
-40 to +85 



256 X 4 
256x4 
256x4 
256x4 



MB88528-C-101, 
MB88528-C-102 
MB 88528-C-301 
MB 88528-C-302 



MB 88521/523 
MB 88521/523 
MB 88525 
MB 88525 



CMOS 
CMOS 
CMOS 
CMOS 



MBM 27C64/ 
MBM 27C32A 

MBM 27C64/ 
MBM 27C32A 

MBM 27C64/ 
MBM 27C32A 

MBM 27C64/ 
MBM 27C32A 



8Kx8 
4K X 8 

8Kx8 
4Kx8 

8Kx8 
4Kx8 

8Kx8 
4Kx8 



MDP-64C-P01 
MDP-64C-P01 
MDP-64G-P01 
MDP-64C-P01 



5.0 ± 10% 
5.0 ± 10% 
5.0 ± 10% 
5.0 ± 10% 



-30 to +70 
-30 to +70 
-30 to +70 
-30 to +70 



256x4 
256x4 
256 x4 
256 X 4 



MB88528B-C-101 
MB88528B-C-102 



MB 88520B 
MB 88520B 



CMOS 
CMOS 



MBM 27C64/ 
MBM 27C32A 

MBM 27C64/ 
MBM 27C32A 



8Kx8 
4Kx8 

8Kx8 
4Kx8 



MDP-64C-P01 
MDP-64C-P01 



5.0 ± 10% 
5.0 + 10% 



-30 to +70 
-30 to +70 



256x4 
256x4 



MB88538-C-201E^S 
MB 88538-C-202E^2 



MB 88535 
MB 88536 



CMOS 
CMOS 



MBM 27C32A^ 
MBM 27C32A^ 



4Kx8 



4Kx8 



MDP-42C-P01 
MDP-42C-P01 



5.0 ± 10% 
5.0 ± 10% 



-30 to +70 
-30 to +70 



128x4 
128 X 4 
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Number 

of Output 

Instruc- Port 

tions 



PLA 
Output 

Mask 
Number 



Serial 
Port 

Output 
Latch 



On-chip 
Prescaler 



Oscillation 
Type 



Standby 
Function 



Output 
Port 
Level 

During 
Standby 



Serial 
Buffer 



Output 

Port 

Level 

During 

Reset 



Device Number 



82 
82 
82 



standard 
pull-up 

high-current 
open-drain 
high-current 
open-drain 



yes 
yes 
yes 



yes 
yes 
yes 



crystal 
ceramic 

crystal 
ceramic 

crystal 
ceramic 



high 
high 
low 



MB 88428H-C-201 
MB 88428 H-C-202 
MB 88428H-C-203 



77 
77 
77 
77 
77 
77 



standard 
pull-up 

standard 
pull-up 

standard 
pull-up 

standard 
pull-up 

high-current 
open-drain 

high-current 
open-drain 



#001 2 
#001 2 
#001 2 
#001 2 
#001 2 
#001 2 



yes 
yes 
yes 
yes 
yes 
yes 



yes 
yes 
yes 
yes 
yes 
yes 



crystal 
ceramic 

crystal 
ceramic 

crystal 
ceramic 

crystal 
ceramic 

crystal 
ceramic 

crystal 
ceramic 



yes 
yes 
yes 
yes 
yes 
yes 



high-Z 

high-Z 

high-Z 

high-Z 

hold 

hold 



4 

4 
4/89 
4/89 
4/89 
4/89 



high 
high 
high 
high 
high 
high 



MB 88508 -C-1 01 

MB 88508CF-1016 

MB88508U-C-101 

MB88508U-CF-1016 

MB88508U-C-102 

MB88508U-CF-1026 



78 
78 
78 
78 



standard 
pull-up 

standard 
pull-up 

high -current 
open-drain 

high -current 
open -drain 



#001 2 
#001 2 
#001 2 
#001 2 



yes 
yes 
yes 
yes 



yes 
yes 
yes 
yes 



crystal 
ceramic 

crystal 
cerami 

crystal 
ceramic 

crystal 
ceramic 



yes 
yes 
yes 
yes 



high-Z 
high-Z 
hold 
hold 



high 
high 
high 
high 



MB88508H-C-101 
MB88508H-CF-1016 
*MB88508H-C-102 
*MB88508H-CF-1026 



81 
81 
81 
81 



standard 
pull-up 

standard 
open-drain 

high-current 
pull-up 

high-current 
open -drain 



none 



yes 
yes 
yes 
yes 



yes 
yes 
yes 
yes 



crystal 
cerami 

crystal 
ceramic 

crystal 
cerami 

crystal 



yes 
yes 



high-Z 
hold 



4/8« 



4/8« 



4/8^ 



4/8 



9 



high 

high 

E0-E24: L 
other : H 

E0-E24: L 
other : H 



*MB88PG517B-C-201 
MB88PG517B-C-202 
MB88518B-C-101 
MB88518B-C-102 



82 
82 
82 
82 



standard 
pull-up 

standard ""^ 
open-drain 

standard 
pull-up 

standard ""^ 
open-drain 



none 
none 
none 



yes 
yes 
yes 
yes 



yes 
yes 
yes 
yes 



crystal 
ceramic 

crystal 
ceramic 

crystal 
ceramic 

crystal 
ceramic 



yes 
yes 
yes 
yes 



high-Z 
hold 
high-Z 
hold 



4 

4 
4/89 
4/8' 



,9 



high 
high 
high 
high 



MB88528-C-101 
MB88528-C-102 
MB 88528-C-301 
MB 88528-C-302 



81 
81 



standard 
pull-up 

standard 
open -drain 



none 



yes 
yes 



yes 
yes 



RC- 

network 

crystal/ 



yes 
yes 



high-Z 
hold 



>9 



A/8 



4/8« 



E0-E23: L 
other : H 

E0-E23: L 
other : H 



MB88528B-C-101 
MB88528B-C-102 



70 
70 



standard 
pull-up 

standard 
pull-up 



yes 
yes 



yes 
yes 



crystal/ 
ceramic 

crystal/ 



high 
high 



MB88538-C-201E®S 
MB 88538-C-202E®^ 
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Table 4: (Continued) 


















Device Number^ 


Applicable 
Series/ 
Devices 


Process 


Piggyback 
EPROM 


Externa! 
ROM 
Size 
[bits] 


Package 


Supply 
Voltage 


Ambient 

Temperature 

Range 

[''C] 


RAM 
Size 
[bits] 


*MB 88PG543-CF-XXX 


MB 88543 


CMOS 


MBM 27064^ 


8Kx8 


MQP-80C-P01 


5.0 ±10% 


-40 to +85 


256x4 


*MB 88PG543-CF-XXX 


MB 88543 


CMOS 


MBM 27C64^ 


8Kx8 


MQP-80C-P01 


5.0 ± 10% 


-40 to +85 


256x4 


*MB 88PG544-CF-XXX 


MB 88544 


CMOS 


MBM 27064^ 


8Kx8 


MQP-80C-P01 


5.0 ± 10% 


-40 to +85 


256x4 


*MB 88PG544-CF-XXX 


MB 88544 


CMOS 


MBM 27064"^ 


8Kx8 


MQP-80C-P01 


5.0 ± 10% 


-40 to +85 


256x4 


*MB88PG545-CF-XXX 


MB 88545 


CMOS 


MBM 27064^ 


8Kx8 


MQP-80C-P01 


5.0 ±10% 


-40 to +85 


256x4 


*MB88PG545-CF-XXX 


MB 88545 


CMOS 


MBM 27C64"' 


8Kx8 


MQP-80C-P01 


5.0 ±10% 


-40 to +85 


256x4 


*MB 88PG546-CF-XXX 


MB 88546 


CMOS 


MBM 27064^ 


8Kx8 


MQP-80C-P01 


5.0 ± 10% 


-40 to +85 


256x4 


*MB 88PG546-CF-XXX 


MB 88546 


CMOS 


MBM 27064^ 


8Kx8 


MQP-80C-P01 


5.0 ±10% 


-40 to +85 


256x4 


MB88558-CF-1016 


MB 88550 


CMOS 


MBM 27064^ 


8Kx8 


MQP-80C-P01 


5.0 ± 10% 


-30 to +70 


256x4 


MB88558-CF-1026 


MB 88550 


CMOS 


MBM 27064"^ 


8Kx8 


MQP^OC-POI 


5.0+10% 


-30 to +70 


256x4 


MB88558-CF-1036 


MB 88550 


CMOS 


MBM 27064"^ 


8Kx8 


MQP-80C-P01 


5.0 ±10% 


-30 to +70 


256 X 4 


MB88558H-CF-1016 


MB 88550H 


CMOS 


MBM 27064^ 


8Kx8 


MQP-80C-P01 


5.0 ±10% 


-30 to +70 


256x4 


MB88558H-CF-1026 


MB 88550H 


CMOS 


MBM 27064^ 


8Kx8 


MQP-80C-P01 


5.0 ± 10% 


-30 to +70 


256x4 


MB88558H-CF-1036 


MB 88550 H 


CMOS 


MBM 27064^ 


8Kx8 


MQP-80C-P01 


5.0 ±10% 


-30 to +70 


256x4 



Notes: 

1 . -C designates a ceramic DIP package, and -CF, a ceramic FPT package. E indicates that the EPROM is attached to the package, 

2. Dual 4-bit parallel output 

3. 8-bit parallel output for 7-segment LED/dual 4-bit parallel output 

4. 8-bit parallel output for 7-segment LED 

5. Selectable using external control pin 

6. For evaluation only 

7. LCC package (MBM 27C32A-CV, MBM 27C64-CV except for MB 88508/U, MBM 27C64-MCV for MB 88508/U) 

8. Multi-chip ceramic package configuration 

9. Software selectable 

10. P-Port is 12V-interface open-drain output port. 

11. Soft: Software standby initiation 

12. Hard: Hardware standby initiation 
* Under development. 
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Number 

of 
Instruc- 
tions 


Output 
Port 


PLA 
Output 

Mask 
Number 


Serial 

Port 

Output 

Latch 


On-chip 
Prescaler 


Oscillation 
Type 


Standby 
Function 


Output 
Port 
Level 

During 
Standby 


Serial 
Buffer 


Output 
Port 
Level 

During 
Reset 


Device Number 


78 


TBD 


none 


yes 


yes 


TBD 


yes 


TBD 


4/89 


TBD 


»MB 88PG543-CF-XXX 


78 


TBD 


none 


yes 


yes 


TBD 


yes 


TBD 


4/8^ 


TBD 


*MB 88PG543-CF-XXX 


82 


TBD 


none 


yes 


yes 


TBD 


yes 


TBD 


4/8^ 


TBD 


*MB 88PG544-CF-XXX 


82 


TBD 


none 


yes 


yes 


TBD 


yes 


TBD 


4/89 


TBD 


*MB 88PG544-CF-XXX 


78 


TBD 


none 


yes 


yes 


TBD 


yes 


TBD 


4/89 


TBD 


*MB88PG545-CF-XXX 


78 


TBD 


none 


yes 


yes 


TBD 


yes 


TBD 


4/89 


TBD 


*MB 88PG545-CF-XXX 


82 


TBD 


none 


yes 


yes 


TBD 


yes 


TBD 


4/89 


TBD 


*MB 88PG546-CF-XXX 


82 


TBD 


none 


yes 


yes 


TBD 


yes 


TBD 


4/89 


TBD 


*MB 88PG546-CF-XXX 


82 


standard 
pull-up 


none 


yes 


yes 


crystal/ 
ceramic 


yes 


high-Z 


4/89 


high 


MB88558-CF-1016 


82 


high-current 
open-drain 


none 


yes 


yes 


crystal/ 
ceramic 


yes 


hold 


4/89 


high 


MB88558-CF-1026 


82 


high-current 
open-drain 


none 


yes 


yes 


crystal/ 
ceramic 


yes 


hold 


4/89 


R0-R7: L 
other : H 


MB88558-CF-1036 


82 


standard 
pull-up 


none 


yes 


yes 


crystal/ 
ceramic 


yes 


high-Z 


4/8^ 


high 


MB88558H-CF-1016 


82 


high-current 
open-drain 


none 


yes 


yes 


crystal/ 
ceramic 


yes 


hold 


4/8^ 


high 


MB88558H-CF-1026 


82 


high-current 
open-drain 


none 


yes 


yes 


crystal/ 
ceramic 


yes 


hold 


4/8^ 


R0-R7: L 
other : H 


MB88558H-CF-103^ 
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Table 5: EVALUATION BOARDS FOR THE FUJITSU 4-BIT MCU FAMILY 



Devics Number 



Description 



Applicable 
Series/Devices 



Dimensions 
[mm] 



Device Number 



MB 21 15-01 



CRT unit 



All 



319 X 510x 325 



MB 2115-01 



MB 2115-02 



Monitor board 
with keyboard 



All 



283 X 328 X 66 



MB 2115-02 



MB 2115-04 



EPROM writer board 
with RS-232C interface 



All 



140.5 X 152 



MB 2115-04 



MB2115-13^ 



DUE^ board 



MB 88400 



160x284 



MB 2115-13^ 



MB2115-13A^ & 
MB 2115-89^ 



DUE board & 
DUE adapter 



MB 88400H 



1 60 x 284 
160x284 



MB21 
MB 21 



15-13A^ & 
15-89^ 



MB2115-14^ 



DUE board 



MB 88410 



160x284 



MB 2115-14^ 



MB2115-14A^ & 
MB 2115-89^ 



DUE board & 
DUE adapter 



MB88410H 



160x284 
160x284 



MB21 
MB21 



15-14A^ & 
15-893 



MB 2115-31 A^ & 
MB2115-893 



DUE board & 
DUE adapter 



MB 88500/500H 



160x284 
160x284 



MB21 
MB 21 



15-31A^ & 
15-89^ 



MB 2115-32^ 



DUE board 



MB 88541 



200 X 284 



MB 2115-32^ 



MB2115-33A^ 



DUE board 



MB 8840/50H/ 
200/200H 



160x284 



MB2115-33A 



MB2115-33A^ & 
MB 2115-94 



DUE board & 
DUE adapter 



MB 8850B 



160x284 
135 X 190 



MB21 
MB21 



15-33A^ & 
15-94 



MB2115-33A^ & 
MB 2115-98 



DUE board & 
DUE adapter 



MB 88530 



160x284 
100 X 100 



MB21 
MB21 



15-33A^ & 
15-98 



MB 21 15-34^ & 
MB 2115-96 & 
MB2115-924 



DUE board & 
DUE adapter & 
SDIP 64-pin cable 



MB88510B 
(Except MB 88517B) 



200 X 284 
135 X 190 



MB21 
MB 21 
MB 21 



15-34^ & 
15-96 & 
15-92"^ 



MB 2115-35^ & 
MB 2115-95 & 
MB 2115-92"^ 



DUE board & 
DUE adapter & 
SDIP 64-pin cable 



MB88520B 



200x284 
135 X 190 



MB21 
MB21 
MB 21 



15-35^ & 
15-95 & 
15-92"^ 



MB2115-36A^ & 
MB2115-863 



DUE board & 
DUE adapter 



MB 88550/550H 



200 X 284 
160x284 



MB21 
MB21 



15-36A^ & 
15-86^ 



MB2115-37A^ & 
MB2115-883 & 
MB 2115-92"^ 



DUE board & 
DUE adapter & 
SDIP 64-pin cable 



MB 88520/420/420H 



200 X 284 
160x284 



MB21 
MB21 
MB 21 15-92' 



15-37A^ & 
15-88^ & 



MB 2115-38^ 



DUE board 



MB88511/513/517B 



200 X 284 



MB 21 15-38^ 



MB 2115-39'' 



DUE board 



MB 88210 



160x284 



MB 2 1 15-39^ 



MB 2115-40^ 



DUE board 



MB 88561 



200 X 430 



MB 2115-40^ 



MB 2115-41^ 



DUE board 



MB 88562 



200 X 430 



MB 21 15-41' 



*MB 2115-42^ 



DUE board 



MB 88543/4/5/6 



200 X 430 



*MB 2115-42^ 



*MB 21 15-43^ 



DUE board 



MB 88200B 



XXX X XXX 



*MB 21 15-43^ 



Notes: 

1. Used in conjunction with the MB 2115-01 CRT unit and the MB 2115-02 monitor board with keyboard. 

2. Device-Under-Evaluation . 

3. This adapter applied to 12V-interface open-drain output port and select the port each bit. 

4. MB 21 15-92 is cable with SDIP 64-pin connector. 
* Under development. 
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Table 6: SUPPORT SOFTWARE FOR THE FUJITSU 4-BIT MCU FAMILY 



Order Number 


Description 


Media Supplied 


Applicable Series 


Support 
System 


SM05212-A010 
SM05220-A010 

SM05215-A010 


Cross- 
Assembler 


8" standard floppy disk 
[single sided, single density 
or single sided, double 
density] 


MB8840/50/50H/ OB/530 

MB 88200/200H/200B/210 

MB 88400/400H/410/410H/420/ 
420H/500/500H/51 0/51 OB/520/ 
520B/540/550/550H/560 


Intellec^ Series 
ll/lll MDS 

Intellec Series 
ll/lll MDS 

Intellec Series 
ll/lll MDS 


SM07412-A012 
SM07420-A012 

SM07415-A012 


Cross- 
Assembler 


8" standard floppy disk 
[single sided, single density] 


MB 8840/50/50H/50B/530 

MB 88200/200H/200B/210 

MB 88400/400H/41 0/41 OH/420/ 
420H/500/500H/5 10/51 OB/520/ 
520B/540/550/550H/560 


CP/M2-86 
CP/M-86 

CP/M-86 


*SMXXXXX-A010 


5" mini floppy disk 

[double sided, double density] 


MB 88400/400H/410/410H/420/ 
420H/500/500H/5 1 0/5 1 0B/520/ 
520B/540/550/550H/560 


IBM PC-DOS 


SM07412-G0223 
SM07420-G0223 

SM07415-G0223 


Host- 
Emulator 


8" standard floppy disk 
[single sided, single density] 


MB 8840/50/50H/50B/530 

MB88200/200H/200B/210 

MB 88400/400H/41 0/41 OH/420/ 
420H/500/500H/51 0/51 OB/520/ 
520B/540/550/550H/560 


CP/M-86 
CP/M-86 

CP/M-86 


*SMXXXXX-G0203 


5" mini floppy disk 

[double sided, double density] 


MB 88400/400H/410/410H/420/ 
420H/500/500H/510/510B/520/ 
520B/540/550/550H/560 


IBM PC-DOS 



Notes: 

1 . Intellec is a registered trademark of Intel Corporation. 

2. CP/M is a registered trademark of Digital Research. 

3. MB 2115-01, -02, -04 and an applicable DUE board are needed. 
* Under development. 
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NMOS 13-BIT X1-CHANNEL, 

6-BIT X3-CHANNEL 

D/A CONVERTER 



NMOS 13-BIT X 1-CHANNEL, 
6-BIT X 3-CHANNEL D/A CONVERTER 

The Fujitsu MB 88301 A, a pulse width modulation (PWM) type digital-to- 
analog converter (DAC), is designed for interface with Fujitsu's MB 8840/ 
8850 series and MB 88400/88500 series 4-bit single-ship microcomputers and 
also with a wide range of general 4-bit and 8-bit microprocessors. 

The MB 88301 A has four conversion outputs: one 13-bit resolution output 
and three 6-bit resolution outputs. All outputs generate positive pulse of 
varying pulse widths. The pulse widths vary in propotion to digital data pro- 
grammed by the processor in the internal data register. With the connection of 
external filter circuits to the outputs, the MB 88301 A provides an excellent, 
easy-to-configure DAC. 

FEATURES 

• Pulse width modulation D/A converter 

• 4-bit parallel address/data loading 

• Four on-chip pulse width modulators: 

- 13-bit resolution x 1 channel 

- 6-bit resolution x 3 channels 

• On-chip 4 MHz clock generator with external crystal or ceramic resonator 

• Clock cycle time /Clock frequency: 

- 0.25ms/4MHz for 13-bit resolution 

- 0.50iLis/2MHz for 6-bit resolution 

• Three synchronization clock outputs: 

- 2MHz clock output (4MHz divided by 2) 

- 1 5.625kHz clock output (4MHz divided by 2^ ) 

- 488Hz clock output (4MHz divided by 2^^) 

• Single buffered conversion outputs. 

• High-voltage open-drain conversion outputs 

• Wide operating temperature range: -30° C to -»-70° C 

• Single +5V power supply 

• TTL compatible inputs/outputs 

• N-channel silicon-gate E/D MOS process 

• Two Package Options: 

- 16 pin plastic DIP (Suffix: -P) 

- 16 pin plastic SOP (Suffix: -PF) 
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MB 88301 A 



April 1986 
Edition 3.1 




PLASTIC DIP 
DIP-16P-M02 




PLASTIC SOP 
FPT-16P-M02 



PIN ASSIGNMENT 


LDlQ 


1 




16 


DVcc 


DIOC 


2 




15 


I]DAC4 


DIlQ 


3 




14 


I]dAC3 


DI2C 


4 


TOP 


13 


;;]dac2 


Di3[;; 


5 


VIEW 


12 


^DACI 


EXT/KL{2 


6 




11 


;3tM03 


xTAL[;; 


7 




10 


;;]tmo2 


VssC 


8 




9 


IJTMOI 













This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that nornnal precautions be taken to avoid 
application of any voltage higher than maxi- 
munn rated voltages to this high innpedance 
circuit. 
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PROCESSOR 
INTERFACE 



Fig. 1 - LOGIC SYMBOL 
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Fig. 2 - BLOCK DIAGRAM 
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PIN DESCRIPTION 

Table 1 -PIN DESCRIPTION 



Symbol 


Pin No. 


Type 


Function 


Vcc 


16 


- 


+5V power supply pin. 


Vss 


8 


- 


Ground pin. 


XTAL 


7 


- 


External 4MHz crystal or ceramic resonator pins for the on-chip 
clock generator. 


EXTAL 


6 


- 








4-bit parallel address/data input: The address/data format is that 








DI3 is the most significant bit (MSB) and that DIO is the least 








significant bit (LSB). These inputs are TTL compatible. 


DI3-DI0 


5 to 2 


1 












MSB LSB 






DI3 


DI2 


DI1 


DIO 










Write strobe input for a 4-blt address/data: At the leading edge of 








LDI, a 4-bit address on the IDS to IDO inputs is latched into the 


LDI 


1 


1 


internal address register. At the trailing edge of LDI, a 4-bit data on 






the DI3 to DIO inputs are written into the internal data register 








designated by the address latched at the leading edge. This Input is 








TTL compatible. 








Pulse width modulator outputs (DAG outputs) : 


DAC1-DAC4 


12to15 





DAC1: 13-bit resolution (one channel) 
DAC2-DAC4: 6-bit resolution (three channels) 
All four outputs are high-voltage open drain. 








Synchronization clock outputs (Timing outputs): 








TMOl : 2MHz (4MHz divided by 2) 


TM01-TM03 


9 to 1 1 





TM02: 15.625kHz (4MHz divided by 2^) 

TM03: 488Hz (4MHz divided by 2^^) 

All three clocks have a duty ratio of approximately 50%, and are 

TTL compatible. 
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FUNCTIONAL DESCRIPTION 



GENERAL OPERATION 

The MB 88301 A is a pulse width modulation (PWM) type 
digital-to-analog converter (DAG). It converts digital data 
programnned by the processor in the internal data register 
(13-bit or 6-bit write-only register) into positive pulses. The 
width of these pulses is propotional to the value of the pro- 
grammed data, and the cycle time of the pulses is defined by 
the resolution value (6 or 13 bits). The MB 88301 A has four 
conversion outputs: channel 1 is a 13-bit resolution output 
DAC1 , and channel 2 to 4 are 6-bit resolution outputs DAC2 
to DAC4. The converted waveform appears at each DAG out- 
put. A user-designed external low-pass filter connected to the 
DAG output eliminates AG components from the output 
waveform and converts the waveform into a DG voltage 
propotional to the pulse width. 

DIGITAL DATA INPUT 

Fig. 4 shows the input timing of digital data to be converted: 
Digital data to define the width of the positive pulse is 
written into the 13-bit and 6-bit internal data registers 
through the DI3 to DIO 4-bit address/data inputs using the 
write strobe input LDI. At the leading edge of LDI, a 4-bit 
address on the DI3 to DIO inputs is latched into the internal 
address register. At the trailing edge of LDI, a 4-bit data on 
the DI3 to DIO inputs is loaded into the internal data register 
designated by the address register. 

Fig. 5 shows the address/data format: DI3 is the most signifi- 
cant bit (MSB) and DIO is the least significant bit (LSB). 



Fig. 3 - ADDRESS/DATA INPUT TIMING 
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Fig. 4 - ADDRESS/DATA FORMAT 

MSB LSB 






DI3 


DI2 
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Fig. 6 shows the internal data register address map: The 
whole space size is 10 words. Addresses #0 to #3, addresses 
#4 and #5, addresses #6 and #7, and addresses #8 and #9 
are assigned to DAG1, DAG2, DAG3 and DAG4, respectively. 
Fig. 7 shows the internal data register format: To the DAG1 
data register, three 4-bit and one 1-bit digital data must be 
written. To the DAG2 to DAG4 data registers, one 4-bit and 
one 2-bit digital data must be written. 



Fig. 5 - INTERNAL DATA 
REGISTER ADDRESS MAP 
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PULSE WIDTH MODULATION/DAC OUTPUT WAVEFORM 



• 13-Bit Resolution D/A Converter: DAC1 

Fig. 8 shows the configuration of the 13-bit resolution pulse 
width modulator: The on-chip clock generater provides 
4MHz clock for the 13-bit free-running counter. When all bits 
of the counter is zero, the all-zero detector sets the output R- 
R-S flip-flop. The coincidence detector compares the counter 
with the data register. When they match, the coincidence 
detector resets the output flip-flop. The waveform appearing 
at the DAC1 output depends on the data register value, 
shown in Fig. 9. 



Fig. 7 - 
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Fig. 8 - DAC1 OUTPUT WAVEFORM 
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COUNTER IS ZERO. 
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• 6-Bit Resolution D/A Converters: DAC2 to DAC4 

Fig. 10 shows the configulation of the 6-bit resolution pulse 
width modulator: The 2MHz clock that is the output of 
Bit 1 of the 13-bit free-running counter drives the 6-bit free- 
running counter. This 6-bit counter is also part of the 13-bit 
counter (Bits 2 to 7). The comparator compares the counter 
with the data register every cycle. When the counter value is 
equal to or less than the data register value, the comparator 
outputs a high level at the DAG output. When the counter 
vafue exceeds the date register value, the comparator out- 
puts a low level at the DAG output. This produces the wave- 
forms at the DAG2, DAG3, and DAG4 outputs, shown in 
Fig. 11. 
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Fig. 10 - DAC2/DAC3/DAC4 
OUTPUT WAVEFORM 
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EXTERNAL FILTER CONFIGURATION 

The on-chip pulse width modulator generates positive pulse 
waveforms similar to the one shown in Fig. 13 at the DAC 
outputs (DAC1 to DAC4). The pulse width {t^^) is propor- 
tional to the digital data programmed into the data register. 
The cycle time (T) is determined by the resolution value 
(6 or 13 bits). 

User-designed low-pass filters are required at the DAC 
outputs to eliminate AC components from the output 
waveform and to convert the waveform to a DC voltage. 
Fig. 12 shows an example of a simple output configuration in 
which an RC integrator is used as the low-pass filter. With 
this circuit, the DAC waveform shown in Fig. 13 is converted 
to the Vqut output waveform shown in Fig. 14. Ripple and 
response time (tp) depend on the time constant of the RC 
filter. A longer time constant reduces ripple but increases 
response time. A time constant that best meets the tradeoff 
between desired accuracy and response time should be 
chosen. Also, since the DAC outputs are high-voltage open 
drain, they can externally be pulled up to a power supply 
higher than 5V. This prevents the output voltage from 
attenuating through the external low-pass filters. 

Note: 

The low-pass filter shown in Fig. 12 is just an example. In 
actual practice, depending on the user's system design, 
additional amplifiers, multi-stage filters, and other circuits 
will be needed for the external low-pass filter. 

NOTICE 

To change the DC output voltage of the external low-pass 
filter, the data register value must be updated to vary the 
positive pulse width (duty ratio) of the DAC output. How- 
ever, all bits on the data register can not be changed at the 
same time. They are updated a nibble at a time by the 4-bit 
parallel data loading. In addition, the DAC output is single 
buffered. Because of this nibble-by-nibble update and single 
buffering, the data register value during update may become 
transient. During this pulse cycle, depending on the transient 
value, an undesirable duty ratio disturbance may occur at the 
DAC output, affecting the filter output. It is therefore neces- 
sary to design the output filter so that such disturbances in 
the DAC output waveform will not appear at the filter out- 
put. This notice applies to both the 13-bit and 6-bit resolu- 
tion converters. With the 13-bit resolution converter, how- 
ever, it is possible to avoid such disturbance by software. 
This is done by controlling the update timing of the data 
register value through monitoring of the DAC1 output and 
the TIVI03 output waveforms. 

Also, note the following thing when the DAC1 output is 
used: in the steady state where the DAC1 data register bits 
are all set (i.e., data is "1FFF") the DAC1 output remains 
high. But, when the- data is updated, there is a possibility 
that the DAC1 output may become undefined during that 
output cycle time (less than one cycle time). To avoid this 
phenomenon, the following method is utilized: 



1 . Not use data of "1 FFF", or 

2. Change the DAC1 data register value (i.e., "1FFF") just 
before the counter become full (i.e., all bits are set). Since 
in this case an undesired pulse due to the data change may 
appear at the DAC1 output, the pulse must be eliminated 
with the external filter. 



Fig. 11 - OUTPUT CIRCUIT CONFIGURATION 
(EXAMPLE) 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Rating 


Unit 


Pins/Conditions 


Supply Voltage 


Vcc 


Vss -0.3 to Vss +8.0 


V 


Vcc 


Vss = V 


input Voltage 


V,N 


Vss -0.3 to Vss +8.0 


V 


DI0-DI3, LDI, 
EXTAL, XTAL 


Output Voltage 


VOUT 


Vss -0.3 to Vss +15.0 


V 


DAC1-DAC4 


Vss -0.3 to Vss +8.0 


TM01-TM03 


Operating Tennperature 


Ta 


-30 to +70 


°C 


Ambient temperature 


Storage Temperature 


Tst, 


-55 to +150 


°C 





NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Unit 


Min. 


Typ. 


Max. 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 









Input High Voltage 


V,H 


2.0 




Vcc 


V 


Input Low Voltage 


V,L 


-0.3 




0.8 


V 


Clock Frequency* 


fc 


0.5 




4.0 


MHz 


Operating Temperature 


Ta 


-30 




70 


°C 



NOTE: * Crystal or ceramic resonator should be used. See Fig. 17. 



DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 



Parameter 


Symbol 


Pins/Conditions 


Value 


Unit 


Min. 


Typ. 


Max. 


Output High Voltage 


VoH 


TM01-TM03 
loH = -200mA 


2.4 






V 


DAC1-DAC4 


Open Drain 


Output Low Voltage 


Vol 


TM01-TM03 
Iql = 1.8mA 






0.4 


V 


DAC1-DAC4 
Iql = 2.0mA, 
5kl2 External 
Pull Up Resistor 






0.8 


V 


Output Leakage Current 


'loh 


DAC1-DAC4 
VoH = 13.2V, 
OFF State 






50 


MA 


Supply Current 


Ice 


Vcc = 5.5V, 

All Outputs Open 




15 


25 


mA 
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AG CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 



Parameter 


Symbol 


Pins/Conditions 


Min. 


Typ. 


Max. 


Unit 


LDI Pulse Width 


PWLDI 


LDI 

Fig. 14, Fig. 16 


5 






JLIS 


LDI Rise/Fall times 


tfLDI 


LDI 

Fig. 14, Fig. 16 






1.5 


MS 


Address/Data Setup Time 


ts 


DI3-DI0 

Fig. 14, Fig. 16 


0.5 






JLtS 


Address/Data Hold Time 


tH 


DI3-DI0 
Fig. 14, Fig. 16 


2 






MS 


TMO Rise/Fall times 


trTMO 
tfTMO 


TM01-TM03 
Fig. 15, Fig. 16 






0.2 


MS 



LDI 



Fig. 14 - ADDRESS/DATA INPUT TIMING 
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Fig. 15 - SYNCHRONIZATrON CLOCK OUTPUT TIMING 
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Fig. 16 - AC TEST CONDITIONS 



INPUT CONDITIONS 
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Output Load Circuit: 
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Fig. 17 "CRYSTAL/CERAMIC OSCILLATOR CIRCUIT 
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PACKAGE DIMENSIONS 

PLASTIC DIP (Suffix: -P) 



16LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No. : DIP-16P-M02) 



nrnrnrnririrnn 



INDEX 



ULJLJLJLJLJLJU 

.756(19.20) 



.780(19.80) 
.0024(0.61) .039 (0.99) 



.234(5.95) 
.254(6.45) 



.0044(1.11) 



.051 (1.29) 



AAAAAAA 



.100 (2.54) 

-jW^ — ^ 



.015(0.38) 



172 (4 .36) MAX 



.118 (3.00) MIN 



1.060(1.52) 
.072(1.82) 



.021(0.54) .020(0.51) MIN 



©1986 FUJITSU LIMITED D16022S-1C 



15° MAX 



.290(7.37) 
.310(7.87) 



.008(0.20)/ 
.012(0.30) 



Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS 

PLASTIC SOPiSuffix: -PF) 



16 LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M02) 



.382(9.7) 



.409(1 0;4) 



aaaiaai 



INDEX 



mTTTH 



.050(1.27) 



.002(0.05) 



.008(0.20) 
(STAND OFF) 



.291 (7.4) 
.323(8.2) 



.197(5.0) 
.220(5.6) 




.014(0.35) 



.039(1 .0) 



Detail of "A" part 

' .008(0.2) 



.260(6.6) 
.283(7.^) 




.022(0.55) 



-.012(0.3) 
.028(0.7) 



.020(0.5) 
.007(0.18) 



MAX 
.027(0.68) 



.005(0.13) 



.008(0.20) 
.085(2.15) 



©1986 FUJITSU LIMITED F28005S-2C 



Dimensions in 
inches (millimeters) 
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NMOS INPUT/OUTPUT EXPANDER 

The Fujitsu MB 88304/MB 88305 are peripheral integrated circuits that can be 
connected to a 4-bit or 8-bit single-chip microcomputer (MCU) to provide ad- 
ditional I/O ports. Besides furnishing simple I/O port expansion, the MB 88304 
and MB 88305 can AND or OR port data with data from the MCU, on instruc- 
tion from the MCU. 

The MB 88304/MB 88305 are pseudo-bidirectional ports. They are accessed 
in 4-bit units, but each individual bit can be used for either input or output, 
and input and output can be intermixed. The interface to the MCU requires 
only the connection of a 4-bit interface port and a strobe signal. All output 
ports of the MB 88304 are open-drain; MB 88305 output ports all have pull-up 
resistors. The output ports on both chips are reset to the high-impedance state 
at power-up. 

The MB 88304/MB 88305 are fabricated with N-channel silicon-gate E/D MOS 
process, and packaged in 24-pin plastic DIP. Also, they are powered with a 
single +5V power supply, and operate over the ambient temperature range of 
-30°Cto+70°C. 



FEATURES 

• Four 4-bit I/O ports (16 lines) 

• Four Functions: parallel input, parallel output, AND output, and OR output 

• AND and OR functions provide individual output capability 

• Single-bit input/output: Input and output can be intermixed on each port 

• High output drive 

• Built-in power-on reset circuit 

• CS pin for simplified input/output expansion 

• Two output circuit types: Open-drain output (MB 88304) 

3-state output (MB 88305) 

• Easily connectable to MCUs with 8243 interface 

• Single +5V power supply 

• -30°C to +70°C operating temperature range 

• N-channel silicon-gate E/D MOS process 

• 24-pin plastic DIP (Suffix: -P) 



.^s^ 


s^ 


V 


PLASTIC DIP 


DIP-24P-M01 



PIN ASSIGNMENT 



PBO*C 


1 


PAO*C 


2 


PA1*C 


3 


PA2*[Z 


4 


PA3*C 


5 


csC 


6 


LDlC 


7 


DISC 


8 


DI2C 


9 


DM C 


10 


DIOC 


11 


gndC 


12 



24 


DVcc 


23 


Upbi* 


22 


I]PB2* 


21 


I|PB3* 


20 


IJpco* 


19 


Upci* 


18 


UpC2* 


17 


I|PC3* 


16 


I]PD3* 


15 


I]pD2* 


14 


Updi* 


13 


Updo* 



^ fMB 88304: Open-drain output 
* ImB 88305: 3-state output 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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LOGIC SYMBOL 



Processor 
interface 



cs- 



DI3-DI0-*- 



MB 88304 
MB 88305 



Vss 



X 



Expansion 
Ports 



-^ PA3-PA0 (Port A) 
-*- PB3-PB0 (Port B) 
-^PC3-PC0 (Port C) 
-^ PD3-PD0 (Port D) 



Fig. 1 - BLOCK DIAGRAM 
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PIN DESCRIPTION 

The MB 88304/88305 have two interfaces: One is the processor interface; CS, LDl, and DI3-DI0, which are used for the 
processor to communicate with the MB 88304/5 devices. Another is the expansion I/O ports; Ports A, B, C, and D, which 
serve as an expansion of the processor's I/O. 

Table 1 - PIN DESCRIPTION 



Symbol 


Pin No. 


Type 


Name/Function 


Vcc 


24 


- 


Vcc '■ 's the +5V power supply pin. 


GND 


12 


- 


GND: is the ground pin. 


CS 


6 


1 


Chip Select: is a iow-level-sense high-impedance input. A low level on this 
input selects the device. This input is TTL-compatible. 


LDl 


7 


1 


Load Data Input : is an edge-triggered strobe input. The operation code and 
address code on DIO to DI3 are latched at the LDl falling edge. The data 
transffered via DIO to DI3 becomes valid on the rising edge of the LDl input. 


DI3to DIO 


8 to 11 


I/O 


Data Bus: is a 4-bit bidirectional port used for interface to the MCU. The 
operation code and address code provided by the MCU on this port are 
latched at the falling edge of the LDl strobe input, and input/output data is 
transferred at the rising edge of the LDl. The Dl port remains in the high- 
impedance state except when the input operation is executed. 


PAO to PA3 


2 to 5 


I/O 


Ports A, B, C, and D are 4-bit bidirectional ports used as expansion I/O ports. 
These four ports are addressed by address codes provided by the MCU. 

When an input operation code is given by the MCU, data on the addressed 
port is transferred to the DIO to DI3 at the rising edge of the LDl. When an 
output operation code is provided, data on the DIO to DI3 is transferred and 
latched to the addressed port at the rising edge of the LDl. Logical operations 
are also possible, in which data on the addressed port is ANDed or ORed with 
data on the DIO to DI3 and the result is latched at the addressed port at the 
rising edge of the LDT. 

After a power-on reset. Ports A to D are all set to the high-impedance state. 
An individual port is released from the high-impedance state when the OUT, 
AND, or OR function is applied to it. (Since the MB 88304 has open-drain 
outputs, a line returns to the high-impedance state when an "1" is written on 
it.) 


PBO, 

PB1 to PB3 


1, 
21 to 23 


I/O 


PCO to PC3 


20 to 17 


I/O 


PDO to PD3 


16 to 13 


I/O 
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FUNCTIONAL DESCRIPTION 

The four 4-bit I/O ports of the MB 88304 and MB 88305 
are labelled port A, port B, port C, and port D (PA, PB, PC, 
and PD). They serve as expansion I/O ports for a one-chip 
microcomputer (MCU), and can be accessed via an MCU 
port. Their functions are as follows: 

• Data transfer from the MCU to port A, B, C, or D 

• Data transfer from port A, B, C, or D to the MCU 

• ANDing of the port A, B, C, or D data with MCU data 
and latching of the result at port A, B, C, or D 

• ORing of the port A, B, C, or D data with MCU data and 
latching of the result at port A, B, C, or D 

For interface to the MCU, the MB 88304 and MB 88305 
have a 4-bit interface port (DIO to DI3), a strobe input 
(LDI pin), and a chip select input (CS pin). The interface 
data consists of two 4-bit units. The first 4 bits give the 
operation code (2-bits) and address code (2 bits). The second 
4-blts are the input or output data. Both 4-bit units are trans- 
ferred through the interfac e por t (DIO to DI3) on timings 
determined by the strobe (LDI) signal. The MB 88304 or 
MB 88305 reads the operation cod e and address code from 
the MCU on the falling edge of the LDI signal, and sends or 
receives the I/O data on the rising edge of LDI. 

The CS pin is used to read a chip select signal from the 
MCU's I/O port when two or more MB 88304 or MB 88305 
chips are connected to the MCU. 



Ope. Code 


Funciton 


Addr. Code 


Port Address 


DI3 


DI2 


DM 


DIO 




1 
1 




1 

1 


IN (Input) 
OUT (Output) 
OR (Logical OR) 
AND (Logical AND) 





1 




1 

1 


Port A (PA) 
Port B (PB) 
Port C (PC) 
Port D (PD) 



POWER-ON RESET 

The MB 88304 and MB 88305 contain an internal power-on 
reset circuit that detects the rise of Vcc 0"^ the power 
supply line and holds the chip circuits in the reset state. 
In the reset state, the interface port (pins DIO to DI3) is set 
to the input state, and ports A to D (PA to PD) are in the 
high-impedance state (except that latched output ports are 
not reset). The Vcc I'ne must rise smoothly for the reset 
circuit to operate. Regardless of the input level (high of 
low) of the LDI pin at the moment power is applied, the 
reset state is released at the first falling edge of the LDI 
input. A power-on reset also occurs if the supply voltage 
(Vcc ) drops to 1 V or less, then recovers to the rated volt- 
age. 



OUTPUT MODE (Write Mode) 

Corresponding to three functions of the MCU, the MB 88304 
and MB 88305 have three output modes: data transfer output 
(OUT), logical OR (OR), and logical AND (AND). 

• OUT 

The designated port latches and outputs the 4-bit data trans- 
ferred from the MCU. 

• AND 

The 4-bit data transferred from the MCU is ANDed with the 
4-bit data of the designated port, which then latches the 
result as output. 

• OR 

The 4-bit data transferred from the MCU is ORed with the 
4-bit data of the designated port, which then latches the 
result as output. 

The operation code and address code sent from the MCU to 
pins DIO to DI3 of the MB 88304 or MB 88305 are latched 
on the falling edge of the strobe signal at the LDI pin. The 
MCU data is read on the rising edge of the strobe signal and 
sent to the logic circuit of the designated port, where it is 
processed. The MCU data is then latched as output data. 

INPUT MODE (Read Mode) 

The MB 88304 and MB 88305 have only one input mode 
(IN), corresponding to data input by the MCU. 

• IN 

The input data at the port designated by the MCU is read and 
sent to the MCU via the interface port (DIO to DI3). 

The operation and address code sent from the MCU to pins 
DIO to DI3 of the MB 88304 or MB 88305 are latched on the 
falling edge of the strobe signal at the LDI pin. If the opera- 
tion code specifies input, the MB 88304 or MB 88305 sends 
data from the port designated by the address code to the 
MCU via DIO to DI3. 

A power-on reset places the chip in the input mode with 
ports A to D in the high-impedance state. If only the IN 
function is used thereafter, the ports remain in the high- 
impedance state. Release from the high-impedance state 
takes place when the OUT, AND, or OR function is used. 

The MB 88304 and MB 88305 are designed for easy external 
driving. The MB 88304 has open-drain outputs, while the 
MB 88305 outputs have pull-up resistors. For both chips, the 
input level of a port to be used for input can be read by 
writing a 1 and performing the IN function. Input and 
output can therefore be intermixed within the four bits of 
each of the four ports (A to D). 
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Fig. 2 - PORT CIRCUIT CONFIGURATION 



INPUT DATA 



INTERNAL DATA 



i 



OUTPUT DATA >- 



AND>~ 
OR >- 
0UT)>~ 



a 



i^ 



OUTPUT PORT LATCH 



LDIt 



D Q 



r-C^ 



"-^^ 



POWER -ON RESET)>- 



R Q 



I 



PA3-PA0 
PB3-PB0 
PC3-PC0 
PD3-PD0 



SINK CURRENT FROM PORTS A TO D 

When Vol < 0.45V, the MB 88304 and MB 88305 can sink 
5mA (Iql) on each of their 16 I/O lines simultaneously. 
When this current sinking capability is not required on all of 
the I/O lines, or not all of the lines have to sink 5mA, the 
driving capability (sink current) of the other I/O lines can be 
increased according to the characteristics shown in the curve 
below. 
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Fig. 3- Slot vs loL (@VoL^ 0.45V) 
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For instance, if one of the I/O lines has to sink 9mA, the 
total Iql ^^ 'oL ) o^ a'' the lines can be up to 45mA. 
Example-1 : How many I/O lines with 5 TTL leads can be 
driven? 

Iql = 5 X 1.6mA = 8mA 
SIql ^ 60mA (from the total Iql charac- 
teristics curve) 
60 m A/8 m A = 7 1/0 lines 
The chip can drive 7 lines with 5 TTL loads, 
making a total of 56mA on these lines. The 
remaining 4mA can be shared among the other 
9 I/O lines. 

Example-2: Suppose that two of the load lines have Iql ~ 
20mA (at Vql < IV). Can the MB 88304 or 
MB 88305 drive the following loads? 
2 I/O lines: 20mA (at Vql < 1V) 
8 I/O lines: 4mA (at Vql < 0.45V) 
6 I/O lines: 3.2mA (at Vql < 0.45V) 
Total Iql = (2x20mA) + (8x4mA) + (6x3.2mA) 

= 91.2mA 
Reading the total Iql characteristic for Iql '^ 
4mA, we see that 2 Iql ^ 93m A. Since 91.2mA 
< 93mA, the chip can drive these loads. 
Note: The allowable total Iql (^'ol) depends 
on the maximum sink current of the 
lines for which Vql rnust be equal to or 
less than 0.45V. 
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• INTERFACE WITH 4-BIT MICROCOMPUTER 
MB 8841 * /MB 88401 MB^88304/MB 88305 

OUTPUT 
> OUTPUT 
C 4 I INPUT 



O PORT 
P PORT 
K PORT 



3>< 



R PORT 

R4-R7 
RO 



16/1© I/O 
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Fig. 4 - TYPICAL APPLICATIONS 

• INTERFACE WITH 8-BIT MICROCOMPUTER 
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INTERFACE WITH 4-BIT MICROCOMPUTER 

MB 88304/MB 88305 
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NOTE: * Output port of MB 8841 should be open-drain type. 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Rating 


Unit 


Supply Voltage 


^cc 


Vss-0.3 to+7.0 


V 


Input Voltage 


V.N 


Vss-0.3 to +7.0 


V 


Operating Temperature 


Ta 


-30 to +70 


°C 


Storage Temperature 


Tstg 


-55 to +150 


°C 


Power Dissipation 


Pd 


1.0 


W 



NOTE: Permanent device damage may 
occur If ABSOLUTE MAXI- 
MUM RATINGS are exceeded. 
Functional operation should be 
restricted to the conditions as 
detailed in the operational sec- 
tion of this data sheet. Exposure 
to ABSOLUTE MAXIMUM 
RATINGS conditions for ex- 
tended periods may affect device 
reliability. 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


+5 ±10% 


V 


Vss 





Operating Temperature 


Ta 


-30 to +70 


°C 



DC CHARACTERISTICS (Ta = -30°C to +70°C, Vcc = +5V ± 10%, Vss = OV) 






Parameter 


Symbol 


Value 


Unit 


Conditions 


Min. 


Typ. 


Max. 


Input Low Voltage 




V.L 


Vss-0.3 




0.8 


V 




Input High Voltage 




V,H 


2.0 




Vcc + 0.3 


V 




Output Low Voltage 


Port A to D 


VoL1 


- 




0.45 


V 


Iql - 5mA 


VoL2 


- 




1.0 


V 


Iql =20mA 


Output Low Voltage 


DI0toDI3 


VoL3 


- 




0.6 


V 


Iql = 1.8mA 


Output High Voltage 


Ports A to D 


VOHI 


2.4 






V 


loH = -50mA (MB 88305) 


Output High Voltage 


DI0toDI3 


VoH2 


2.4 






V 


loH = -iooma 


Input Leakage 
Current 


Ports A to D 


l|L1 


-10 




20 


MA 


Vss^V.N^Vcc 


DI0toDI3, 
CS, LDT 


I.L2 


-10 




10 


MA 


Vss^V.N^Vcc 


Input Current 


Ports A to D 


1. 




2.0 




mA 


V,N = Vss (MB 88305) 


Total Iql Output Current 
from 16 Output 


SIOL 






80 


mA 


Each output current: 5mA 


Supply Current 


Vcc 


Ice 




10 


24 


mA 
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AC CHARACTERISTICS (T^ = -30°C to n-yo'C, Vcc = +5V ± 10%, Vss = OV) 







Symbol 


Value 


Unit 


Condition 




Min. 


Typ. 


Max. 


Address/Op Codes Setup Time 


DI3toDI0 


tA 


100 






ns 


Cl = 80pF 


Address/Op Codes Hold Time 


DI3toDI0 


tB 


60 






ns 


Cl = 20pF 


Data Setup Time 


DIStoDIO 
(Output Mode) 


tc 


200 






ns 


Cl = 80pF 


Data Hold Time 


DIStoDIO 
(Output Mode) 


to 


20 






ns 


Cl = 20pF 


Data Output Delay Time 


Ports A to D 
(Output Mode) 


tpo 






700 


ns 


Cl = 100pF 


LDl Pulse Width 


LDl 


tK 


700 






ns 




CS Setup/Hold Time 


CS 


tcs 


50 






ns 




Input Data Setup/Hold Time 


Ports A to D 
(Output Mode) 


tLPI 


100 






ns 




Data Output Delay Time 


DI3toDI0 
(Input Mode) 


tACC 






650 


ns 


Cl=80pF 


Data Hold Time 


DIStoDIO 
(Input Mode) 


tH 







150 


ns 


Cl = 20pF 
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Fig. 5 - TIMING DIAGRAM 
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PACKAGE DIMENSIONS 

PLASTIC DIP (Suffix: -P) 



24-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-24P-M01) 



.-o 



nnrnnrnnnnnrnnn 



ULJLJUUUUUUUUU 

1.171(29.75) 



1.197(30.40) 



-.050(1.27) MAX 



.100(2.54) 




.059(1.50) 



TYP .079(2.00) 

© 1986 FUJITSU LIMITED D24009S-1C 



.524(13.30) 
.543(13.89) 



1. 



.590(14.99) 
.610(15.49) 




.039(0.98) 



.008(0.20) 
.012(0.30) 



.058(1.48) 





.195(4.96)MAX 
.118(3.00)MIN 



.015(0.37) 

.021(0.53) .020 (0.51 )MIN 



Dimensions in 
inches (millinneters) 
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CMOS 

INPUT/OUTPUT 

EXPANDER 



MB 88310 
MB 88311 



April 1986 
Edition 1.0 



CMOS INPUT/OUTPUT EXPANDER 

The Fujitsu MB 8831 0/MB 8831 1 are peripheral integrated circuits that can be 
connected to a 4-bit or 8-bit single-chip microcomputer (MCU) to provide ad- 
ditional I/O ports. Besides furnishing simple I/O port expansion, the MB 88310 
and MB 8831 1 can AND or OR port data with data from the MCU, on instruc- 
tion from the MCU. 

The MB88310/MB 88311 are pseudo-bidirectional ports. They are accessed 
in 4-bit units, but each individual bit can be used for either input or output, 
and input and output can be intermixed. The interface to the MCU requires 
only the connection of a 4-bit interface port and a strobe signal. All output 
ports of the MB 88310 are open-drain; MB 8831 1 output ports all have pull-up 
resistors. The output ports on both chips are reset to the high-impedance state 
at power-up. 

The MB88310/MB 88311 are fabricated with silicon-gate CMOS process, and 
package in a 24-pin plastic DIP or plastic fat package (SOP). Also, they are 
powered with a single +5V power supply, and operate over the ambient 
temperature range of -40°C to -i-85°C. 

FEATURES 

• CMOS Version of Fujitsu MB 88304/88305 

• Four 4-bit I/O ports (16 lines) 

• Four Functions: Parallel input, parallel output, AND output, and OR output 

• AND and OR functions provide individual output capability 

• Single-bit input/output: Input and output can be intermixed on each port 

• High output drive 

• Built-in power-on reset circuit 

• CS pin for simplified input/output expansion 

• Two output circuit types: Open-drain output (MB 88310) 

3-state output ( M B 883 1 1 ) 

• Easily connectable to MCUs with 8243 interface 

• Single -i-5V power supply 

• -40°C to -i-85°C operating temperature range 

• Silicon-gate CMOS process 

• Two Package Options: 

- 24-pin plastic DIP (Suffix: -P) 

- 24-pin plastic SOP (Suffix: -PF) 




PLASTIC DIP 
DIP-24P-M01 



'"^-^^^ 



:<#' 



I 



PLASTIC SOP 
FPT-24P.M02 



PIN ASSIGNMENT 


PBO*C 


1 24 


UVcc 


PAO*[I 


2 23 


Upbi* 


PA1*C 


3 22 


IIpb2* 


PA2*CI 


4 21 


I]PB3* 


PA3*C 


5 20 


Dpco* 


csC 
ilDTE 


6 19 
TOP VIEW 

7 18 


IIpci* 

DpC2* 


DI3C 


8 17 


IiPC3* 


DI2C 


9 16 


I1pd3* 


DM C 


10 15 


I]PD2* 


DIOE 


11 14 


ZIpdi* 


gndC 


12 13 


Updo* 


fMB 
iMB 


88310: Open-drain 
8831 1 : 3-state outp 


output 
ut 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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Processor 
Interface 



LOGIC SYMBOL 



5V 



CS - 



DI3-DI0-»-7^ 



MB 88310 
MB 88311 



Vss 



T 



Expansion 
Ports 



/ - PA3-PA0 (Port A) 

4 

/ - PB3-PB0 (Port B) 



- PC3-PC0 (Port C) 

- PD3-PD0 (Port D) 



Fig. 1 - BLOCK DIAGRAM 
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PIN DESCRIPTION 



The MB 88310/88311 have two interfaces: One is the processor interface; CS, LDI, and DI3-DI0, which are used for the 
processor to communicate with the MB 88310/8831 1 devices. Another is the expansion I/O ports; Ports A, B, C, and D, 
which serve as an expansion of the processor's I/O. 

Table 1 - PIN DESCRIPTION 



Symbol 


Pin No. 


Type 


Name/Function 


Vcc 


24 


- 


Vcc '• is the +5V power supply pin. 


GND 


12 


- 


GND: is the ground pin. 


CS 


6 


1 


Chip Select: is a low-level-sense high-impedance input. A low level on this 
input selects the device. This input is TTL-compatible. 


LDI 


7 


1 


Load Data Input: is an edge-triggered strobe input. The operation code and 
address code on DIO to DI3 are latched at the LDI falling edge. The data 
transffered via DIO to DI3 becomes valid on the rising edge of the LDI input. 


DI3toDI0 


8 to 11 


I/O 


Data Bus: is a 4-bit bidirectional port used for interface to the MCU. The 
operation code and address code provided by the MCU on this port are 
latched at the falling edge of the LDI strobe input, and input/output data is 
transferred at the rising edge of the LDI. The Dl port remains in the high- 
impedance state except when the input operation is executed. 


PAO to PA3 


2 to 5 


I/O 


Ports A, B, C, and D are 4-bit bidirectional ports used as expansion I/O 
ports. These four ports are addressed by address codes provided by the 
MCU. 

When an input operation code is given by the MCU, data on the addressed 
port is transferred to the DIO to DI3 at the rising edge of the LDI. When an 
output operation code is provided, data on the DIO to DI3 is transferred 
and latched to the addressed port at the rising edge of the LDI. Logical 
operations are also possible, in which data on the addressed port is ANDed 
or ORed with data on the DIO to DI3 and the result is latched at the 
addressed port at the rising edge of the LDI. 

After a power-on reset. Ports A to D are all set to the high-impedance state. 
An individual port is released from the high-impedance state when the OUT, 
AND, or OR function is applied to it. (Since the MB 88310 has open-drain 
outputs, a line returns to the high-impedance state when an "1" is written 
on it.) 


PBO, 

PB1 to PB3 


1, 
21 to 23 


I/O 


PCO to PC3 


20 to 17 


I/O 


PDO to PD3 


16to 13 


I/O 
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FUNCTIONAL DESCRIPTION 



The four 4-bit I/O ports of the MB 88310 and MB 88311 
are labelled port A, port B, port C, and port D (PA, PB, PC, 
and PD). They serve as expansion I/O ports for a one-chip 
microcomputer (MCU), and can be accessed via an MCU 
port. Their functions are as follows: 

• Data transfer from the MCU to port A, B, C, or D 

• Data transfer from port A, B, C, or D to the MCU 

• AN Ding of the port A, B, C, or D data with MCU data 
and latching of the result at port A, B, C, or D 

• ORing of the port A, B, C, or D data with MCU data and 
latching of the result at port A, B, C, or D 

For interface to the MCU, the MB 88310 and MB 88311 
have a 4-bit interface port (DIO to DI3), a strobe input 
(LDI pin), and a chip select input (CS pin). The interface 
data consists of two 4-bit units. The first 4 bits give the 
operation code (2-bits) and address code (2 bits). The second 
4-bits are the input or output data. Both 4-bit units are trans- 
ferred through the interface port (DIO to Di3) on timings 
determined by the strobe (LDI) signal. The MB 88310 or 
MB 88311 reads the operation cod e and address code from 
the MCU on the falling edge of the LDI signal, and sends or 
receives the I/O data on the rising edge of LDI. 

The CS pin is used to read a chip select signal from the 
MCU's I/O port when two or more MB 88310 or MB 8831 1 
chips are connected to the MCU. 



Ope. Code 


Function 
Funct 


Addr. Code 


Port Address 


DI3 


DI2 


DM 


DIO 





1 
1 




1 

1 


IN (Input) 
OUT (Output) 
OR (Logical OR) 
AND (Logical AND) 




1 
1 




1 

1 


Port A (PA) 
Port B (PB) 
Port C (PC) 
Port D (PD) 



POWER-ON RESET 

The MB 88310 and MB 88311 contain an internal power-on 
reset circuit that detects the rise of Vcc on the power 
supply line and holds the chip circuits in the reset state. 
In the reset state, the interface port (pins DIO to DI3) is set 
to the input state, and ports A to D (PA to PD) are in the 
high -impedance state (except that latched output ports are 
not reset). The Vcc ''"^ "^^st rise smoothly for the reset 
circuit to o perat e. Regardless of the input level (high of 
low) of the LDI pin at the moment power is applied, the 
reset state is released at the first falling edge of the LDI 
input. A power-on reset also occurs if the supply voltage 
(Vcc) drops to 1 V or less, then recovers to the rated volt- 



OUTPUT MODE (Write Mode) 

Corresponding to three functions of the MCU, the MB 88310 
and MB 88311 have three output modes: data transfer out- 
put (OUT), logical OR (OR), and logical AND (AND). 

• OUT 

The designated port latches and outputs the 4-bit data 
transferred from the MCU. 

• AND 

The 4-bit data transferred from the MCU is ANDed with the 
4-bit data of the designated port, which then latches the 
result as output. 

• OR 

The 4-bit data transferred from the MCU is ORed with the 
4-bit data of the designated port, which then latches the 
result as output. 

The operation code and address code sent from the MCU to 
pins DIO to DI3 of the MB 88310 or MB 88311 are latched 
on the falling edge of the strobe signal at the LDI pin. The 
MCU data is read on the rising edge of the strobe signal and 
sent to the logic circuit of the designated port, where it is 
processed. The MCU data Is then latched as output data. 

INPUT MODE (Read Mode) 

The MB 88310 and MB 88311 have only one input mode 
(IN), corresponding to data input by the MCU. 

• IN 

The input data at the port designated by the MCU is read 
and sent to the MCU via the interface port (DIO to DI3). 

The operation and address code sent from the MCU to pins 
DIO to DI3 of the MB 88310 or MB 8831 1 are latched on the 
falling edge of the strobe signal at the LDI pin. If the opera- 
tion code specifies input, the MB 88310 or MB 88311 sends 
data from the port designated by the address code to the 
MCU via DIO to DI3. 

A power-on reset places the chip in the input mode with 
ports A to D in the high-impedance state. If only the IN 
function is used thereafter, the ports remain in the high- 
impedance state. Release from the high-impedance state 
takes place when the OUT, AND, or OR function is used. 

The MB 88310 and MB 8831 1 are designed for easy external 
driving. The MB 88310 has open-drain outputs, while the 
MB 8831 1 outputs have pull-up resistors. For both chips, the 
input level of a port to be used for input can be read by 
writing a 1 and performing the IN function. Input and 
output can therefore be intermixed within the four bits of 
each of the four ports (A to D). 
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Fig. 2 - PORT CIRCUIT CONFIGURATION 
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SINK CURRENT FROM PORTS A TO D 

When Vol < 0.45V, the MB 88310 and MB 8831 1 can sink 
5mA (Iql) o" 6ach of their 16 I/O lines simultaneously. 
When this current sinking capability is not required on all of 
the I/O lines, or not all of the lines have to sink 5mA, the 
driving capability (sink current) of the other I/O lines can be 
increased according to the characteristics shown in the curve 
below. 

For instance, if one of the I/O lines has to sink 9mA, the 
total Iql (^'ol) o^ a" the lines can be up to 45mA. 

Example-1 : How many I/O lines with 5 TTL leads can be 
driven? 

Iql = 5 X 1.6mA = 8mA 
SIql ^ 60mA (from the total Iql charac- 
teristics curve) 
60mA/8mA = 7 I/O lines 
The chip can drive 7 lines with 5 TTL loads. 





Fig. 3 - SloL vs Iql (@ Vql^ 0.45V) 
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making a total of 56mA on these lines. The 
remaining 4mA can be shared among the other 
9 I/O lines. 

Example-2: Suppose that two of the load lines have Iql ^ 
20mA (at Vql < 1V). Can the MB 88310 or 
MB 8831 1 drive the following loads? 
2 I/O lines: 20mA (at Vql < 1 V) 
8 I/O lines: 4mA (at Vql < 0.45V) 
6 I/O lines: 3.2mA (at Vql^ 0.45V) 
Total loL (2x20mA) + (8x4mA) + (6x3.2mA) 

= 91.2mA 
Reading the total Iql characteristic for Iql - 
4mA, we see that SloL^93mA. Since 91.2mA 
< 93mA, the chip can drive these loads. 
Note: The allowable total Iql (S'ol) depends 
on the maximum sink current of the 
lines for which Vql must be equal to or 
less than 0.4V. 

NOTICE ON USING INPUT MODE 

When the MB 88310/88311 devices work in input mode 
with a processor which has no 8243 interface, data collision 
may occur between the device's DI3— DIO port and pro- 
cessor's data bus. In such case, the following limits should be 
noticed. 

1. DC collision: Maximum short circuit current for DI3 — 

DIO = 2.5mA. 

2. AC collision: Maximum short circuit current for DI3 — 

DIO = 30mA at T2/T1 (= duty) < 0.1 and 
T2 < 1ms. (See figure below.) 



-T1- 



:^c 



-T2- 



Note: T1 = Period, T2 = Collision Time 
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Fig. 4 - TYPICAL APPLICATIONS 



• INTERFACE WITH 4-BIT MICROCOMPUTER 
MB 8841 */MB 88401 MB 8831 0/MB 8831 1 

• OUTPUT 

►OUTPUT 

I INPUT 



O PORT 
P PORT 
K PORT 






R PORT 

R4-R7 
RO 



16/15) I/O 



V 







PA0-PA3 



PB0-PB3 



PCO 



PD0-PD3 
DI0-DI3 



T 



-PC3 (^^T^ 



• INTERFACE WITH 8-BIT MICROCOMPUTER 
MBL 8049 MB 8831 0/MB 8831 1 

I/O 

I/O 
4 >l/0 



DB0-DB7 
P10-P17 



C^D' 



P24-P27 

To 
T 
INT 



0-P23 C 



P20 
PROG 






_TEST 
.INTERRUPT 



PA0-PA3 



C^ 



PB0-PB3 



cr> 



PC0-PC3 

DI0-DI3 

PD0-PD3 



LDI 



US 

T 



d^ 



CO 



• INTERFACE WITH 4-BIT MICROCOMPUTER 

MB 8831 0/MB 88311 



MB 88310/MB 88311 



MB 8841 */MB 88401 



O PORT 
P PORT 
K PORT 

R PORT 



A) 
C3 



RO 
R1 
R2 



OUTPUT 
OUTPUT 
NPUT 



6/1BI/0 



PA0-PA3 



PB0-PB3 



t 



PD0-PD3 
DI0-DI3- 

ldT CS 






PB0-PB3 



PD0-PD3 



DI0-DI3 

LDI CS 



IT 



C20 

ex) 



NOTE : * Output port of MB 8841 should be open-drain type. 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Rating 


Unit 


Supply Voltage 


Vcc 


Vss-0.3 to +7.0 


V 


Input Voltage 


V.N 


Vss-0.3 to +7.0* 


V 


Operating Temperature 


Ta 


-40 to +85 


°C 


Storage Temperature 


Tstg 


-55 to +150 


°C 


Power Dissipation 


Pd 


1.0 


W 


RECOMMENDED OPERATING CONDITIONS 


Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


+5 ±10% 


V 


Vss 





Operating Temperature 


Ta 


-40 to +85 


°C 



NOTE: Permanent device damage may 
occur if ABSOLUTE MAXI- 
MUM RATINGS are exceeded. 
Functional operation should be 
restricted to the conditions as 
detailed in the operational sec- 
tion of this data sheet. Exposure 
to ABSOLUTE MAXIMUM 
RATINGS conditions for ex- 
tended periods may affect device 
reliability. 

*V|N should not exceed Vcc "•■ 
0.3V. 



ELECTRICAL CHARACTERISTICS 

DC CHARACTERISTICS (Ta = -40°C to +85°C, Vcc = +5V ± 10%, Vss = OV) 







Symbol 


Value 


Unit 


Conditions 




Min. 


Typ. 


Max. 


Input Low Voltage 




V,L 


Vss-0.3 




0.8 


V 




Input High Voltage 




V.H 


2.2 




Vcc+0.3 


V 




Output Low Voltage 


Port A to D 


VOLI 


- 




0.45 


V 


Iql = 5mA 


VoL2 


- 




1.0 


V 


Iql = 20mA 


Output Low Voltage 


DI0toDI3 


VoL3 


- 




0.6 


V 


Iql = 1.8mA 


Output High Voltage 


Ports A to D 


VOHI 


2.4 






V 


loH=-240ii/A (MB 88311) 


Output High Voltage 


DI0toDI3 


VoH2 


2.4 






V 


loH=-100iLiA 


Input Leakage 
Current 


Ports A to D 


IlLI 


-10 




20 


ma 


Vss^V.N^Vcc 


DI0toDI3, 
CS, LDI 


hL2 


-10 




10 


mA 


Vss<V,N^Vcc 


Input Current 


Ports A to D 


ll 




1.0 




mA 


V|N=Vss (MB 88311) 


Total Iql Output Current 
from 16 Output 


2loL 






80 


mA 


Each output current; 5mA 


Supply Current 


Vcc 


•cci 




200 


600 


mA 


All outputs open, 
Normal operation 


ICC2 




1.0 


10 


ma 


All outputs open. 
Standby operation, 
LDI cycle = 5jus 
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AC CHARACTERISTICS (Ta = -40°C to +85° C, Vcc = +5V ± 10%, Vss = OV) 







Symbol 


Value 


Unit 


Conditions 




Min. 


Typ. 


Max. 


Address/Op Codes Setup Time 


DiStoDIO 


tA 


100 






ns 


Cl = 80pF 


Address/Op Codes Hold Time 


DIStoDIO 


te 


60 






ns 


Cl = 20pF 


Data Setup Time 


DI3toDI0 
(Output Mode) 


tc 


200 






ns 


Cl = 80pF 


Data Hold Time 


DI3toDI0 
(Output Mode) 


to 


20 






ns 


Cl=20pF 


Data Output Delay Time 


Ports A to D 
(Output Mode) 


tpo 






700 


ns 


Cl = lOOpF 


LDI Pulse Width 


LDI 


tK 


700 






ns 




CS Setup/Hold Time 


CS 


tcs 


50 






ns 




Input Data Setup/Hold Time 


Ports A to D 
(Output Mode) 


tLPI 


100 






ns 




Data Output Delay Time 


DI3toDI0 
(Input Mode) 


^ACC 






650 


ns 


Cl = 80pF 


Data Hold Time 


DIStoDIO 
(Input Mode) 


tH 







150 


ns 


Cl = 20pF 
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Fig. 5 - TIMING DIAGRAM 

OUTPUT MODE (WRITE MODE) 



CS 



\-0.8V 



jfoBV 



-^cs- 



DI3-DI0 



-tK- 



\o.8V ^^0.5 



2.0V 2.0V 



C^ 2.0V -^•UV_^ 
ADDR. CODE, \ ? 
OPER. CODE / \ 
T0.8V O.BVI^- 



).8V 



^ ^2.0V HI. 

jfolv 



-tpo- 



PA3-PA0 
PB3-PB0 
PC3-PC0 
PD3-PD0 



OLD OUTPUT DATA 



0.45V/1 






NEW OUTPUT DATA 



INPUT MODE (READ MODE) 



\o.8V 



/0.8V 



-^cs- 



2.0V 7^ 
0.8V^ 



HIGH-Z ^-^^/l ADDR. CODE, 
OPER. CODE 



tA 



-tK- 



2.0 V^ / 

^^0£V ^^0. 






PA3-PA0 • 
PB3-PB0 
PC3-PC0 
PD3-PD0 • 



iLPI- 



■>, 2.UV 2.4V ^ 
-^0.8V 0.6V ^ 



-tACC- 



-tcs- 



,8V 



\^-^^ HI. 
7^0.6V 



^LPI 



M 



.4V 2.- 

INPUT DATA 
.45V/1.0V 0.45V/1 
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PACKAGE DIMENSIONS 



PLASTIC DIP (Suffix: -P) 



24-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-24PM01) 



.-o 



nnnnnnnnnnnn 



ULJLJLJLJLJLJLJLJLJLJU 

1.171(29.75) 



1.197(30.40) 



-.05011. 27) MAX 



.100(2.54) 



■ 059(1.50) 



.079(2.00) 



© 1986 FUJITSU LIMITED D24009S-1C 



.524(13.30) 
.543(13.89) 



1 



.590(14.99) 
.610(15.49) 




.039(0.98) 



.008(0.20) 
.012(0.30) 



.058(1.48) 





.195(4.96)MAX 



.118(3.00)MIN 



.015(0.37) 

.021(0.53) .020 (0.51) Ml N 



Dimensions in 
inches (nnillinneters) 
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PACKAGE DIMENSIONS 

PLASTIC SOP (Suffix: -PF) 



24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M02) 



.002(0.05) 



R RRfl R R R R Rfl flR 



^0 



rmmmTi 



.582(14.79) 



.610(15.49) 



).8) 
.417(10.6) 



.287(7.3) 
.311(7.9) 




.008(0.20) 

Detail of "A" part 

.008(0.2) 




annmnnnnr 



5=i 



.106(2.7) 
MAX 



.022(0.55) 



.031(0.8) 
.047(1.2) 




.024(0.6) 
.007(0.18) 



MAX 
.027(0.68) Dimensions in 

MAX inches (nnillimeters) 
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DESCRIPTION 

Each of the four expanders provides a serial I/O port and an 8-bit paral- 
lel output port. Data is serially loaded via the input port, converted to an 
8-bit parallel fornnat, and latched. The latched data is then transferred to 
the parallel output port for distribution. The 8-bit output port can directly 
drive a Light Emitting Diode (LED) display; the LED display can be ex- 
panded in byte-size incrennents to make any desired configuration. In 
terms of output drive and shift clock triggers, each expander is unique — 
see description that follows. 



Expander Output 

MB88306 CMOS 3-State 

MB88307 NMOS Open Drain 

MB88308 CMOS 3-State 

MB88309 NMOS Open Drain 



Shift Clock Trigger 

Rising Edge 
Rising Edge 
Falling Edge 
Falling Edge 



MB88306/7/8/9 are fabricated by a silicon-gate CMOS process and are 
packaged in a standard 16-pin plastic DIP or SOP. All four expanders 
operate with a single +5V power source and a 2 MHz shift clock over 
an ambient temperature range of -40''C to +85°C. 

FEATURES 

• 8-bit parallel output 

• Serial input/output 

• Expandable in 8-bit increments 

• LED direct drive capability: 1 5 mA max at 1 .2V 

• Two output port types: 

—CMOS 3-state output (MB88306/8) 

—NMOS open-drain output (MB88307/9) 

• Two shift clock polarities: 

— Rising-edge-triggering (MB88306/7) 
— Falling-edge-trlggering (MB88308/9) 

• Simple interface to Fujitsu 4-bit microcomputers 

• TTL compatible outputs 

• Single + 5V power supply 

• Silicon-gate CMOS process 

• Two package options: 
—16-pin plastic DIP (Suffix -P) 
—16-pin plastic SOP (Suffix -PF) 



Copyright ® 1986 by Fujitsu Limited and Fujitsu Subsidiaries worldwide. 

This document contains information considered proprietary by Fujitsu Limited, Tol<yo, Japan and 
its subsidiaries. No part of this document may be copied or reproduced in any form or by any 
means, or transferred to any third party without the prior written consent of Fujitsu Limited. 




Plastic DIP (Suffix -P) 
DIP-16P-M02 




Plastic SOP (Suffix -PF) 
FPT-16P-M02 



Pin Assignments 



so C 


1 


-xj- 


16 


LOAD U 


2 




15 


oo C 






14 


01 C 




TOP 


13 


02 C 




VIEW 


12 


03 C 






11 


SC{SC) C 






10 


vss C 






9 



Vcc 

m 

D SI 

=1 07 

D 06 

=1 05 

Zl 04 

D 51 



Note: 

SC is applicable to MB88306 and MB88307 
S^ is applicable to MB88308 and MB88309 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields. However, it is advised that nor- 
mal precautions be takdn to avoid application of 
any voltage higher than maximum rated voltages 
to this high impedance circuit. 
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sc 


MSB 


Figure 1. Block Diagram 

LSB 




8306-4 


1 1 1 1 1 1 1 

S-BIT SHIFT REGISTER 


(8C) 




nlSEf 









1 1 1 1 1 1 1 

8-BIT DATA LATCH 


LOAD 




. 1 






\ 


■ 


., 




1 1 1 1 1 1 1 

8-BIT OUTPUT DRIVER 


Vcc ^ 

Vss ► 


1 


07 O 


1111111 

6 05 04 03 02 01 OO 



Figure 2. System Interface 



PROCESSOR 
INTERFACE 



-► 07 
-► 06 

-*' 05 
-► 04 



EXPANSION 
PORT 



Note: 

SO for MB88306/7; §S for MB88308/9 
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PIN DESCRIPTION 

Figures 1 and 2 show the pin assignment and logic symbol of the MB88306/7 /8/9. Table 1 shows the pin description. The 
MB88306/7/8/9 have two interfaces: one is the processor interface; SI, SC (SC), RESET, LOAD, and ^E inputs; the other is the 
expansion output port; 07-00, and SO outputs. 

Table 1: Pin Description 



Symbol 


Number 


Type 


Name A Function 











Vcc 


16 


— 


+ 5V dc power supply pin. 


Vss 


8 


— 


Power supply ground pin. 



• Processor Interface 



SI 


14 




Serial data input to the internal shift register: A data bit on the SI pin is shifted into the 
MSB of the shift register at the rising edge (MB88306/7) of the shift clock SC or the 
falling edge (MB88308/9) of the shift clock for SC. The data bits are transferred from 
the processor or from the SO pin of the cascaded devices. 


SC 
(SC) 


4 




Shift clock input for the internal shift register: The rising edge of SC (MB88306/7) or 
falling edge of SC (MB88308/9) shifts a data bit on the SI pin into the MSB of the shift 
register, each bit of the shift register is shifted right, and the LSB of the shift register 
appears directly on the SO pin. A high level and low level and the falling edge 
(MB88306/7) or the rising edge (MB88308/9) keep contents of the shift register. 777/5 
/'s a hysteresis input 




15 






RESET 


Preset input for the internal data latch: A low level on the RESET pin initializes the data 
latch in high state, and also inhibits the LOAD input. 77;/5 is a hysteresis input. The 
RESET input does not affect the shift register and the output drain. 


LOAD 


2 




Load enable input for the internal data latch: A low level on the LOAD pin transfers 8-bit 
parallel data of the shift register into the data latch. A high level inhibits data 
transmission from the shift register to the data latch, to hold contents of the data latch. 
This input is automatically inhibited when the RESET input is activated (low). This is a 
hysteresis input 


OE 


9 




Output enable input of the output driver: A low level on the OE pin outputs 8-bit data of 
the data latch on the data output pins 07-00. A high level places the 07-00 pins in 
high impedance state. The OE pin does not control the SO output. 



• Expansion Port 



07-00 


13-10, 
6-3 





Parallel data output: This is an 8-bit 3-state data output port. This port outputs 8-bit 
data in the data latch when the OE pin is activated (low), and is placed in high 
impedance state when the OE pin is inactive (high). This port is CMOS 3-state output 
(MB88306/8) or NMOS open-drain output (MB88307/9). Both output drivers can 
directly drive LEDs. The MSB and LSB of the shift register are output onto the 07 and 
OO pins, respectively. These pins are TTL compatible. 


SO 


1 





Serial data output of the internal shift register: The LSB of the shift register appears 
directly onto the SO pin with some delay time because the SO output has no output 
latch. This pin is used to cascade devices to expand the data output port in 8-bit units. 
This pin is TTL compatible but is not 3-state output controlled by the 5E pin. 
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FUNCTIONAL DESCRIPTION 

BLOCK FUNCTIONS 

The MB88306/7/8/9 consist of a shift register, a data latch, and 
an output driver. Figure 1 . 

Shift Register 

This is an 8-bit serial-in/parallel-out static shift register, that con- 
verts serial data loaded by the processor into 8-bit parallel data. 
The rising edge (MB88306/7) or falling edge (MB88308/9) of 
the shift clock (SC or §C) shifts a data bit on the SI pin into the 
MSB of the shift register. Each bit of the shift register is shifted 
right (MSB — ► LSB), and the LSB of the shift register is shifted 
out onto the SO pin. Eight parallel output lines of the shift regis- 
ter are internally connected to the data latch inputs. The Shift 
register has no clear inpu t and, a fter power-up, the register con- 
tents are undefined. The RESET input does not affect the shift 
register. 

Data Latch 

This is an 8-bit D-type transparent latch that holds 8-bit parallel 
data tr ansferr ed fr om the s hift r egister. The latch has two control 
inputs, LOAD and RESET: The LOAD pin is a data enable input 
and a low level on this p in transf ers contents of the shift register 
into the data latch. The RESET pin is a preset input and a low 
level on this pin initializes the data latch in the high state. When 



the RESET input is active, the LOAD input is automatically inhib- 
ited. 

Output Driver 

This is an 8-bit 3-state output driver that is driven by 8 bits of 
data from the data latch. The MB88306/8 have a CMOS 3-state 
output driver and the MB88307/9 have an NMOS open-drain 
output driver. Both drivers are controlled by the OE input and 
can directly drive LEDs (Vql = 1-2V max at Iql = 20 mA). A 
low level on the OE pin enables 8-bit data in the data latch onto 
output pins 07-00. A high lev el forces the output pins to a high 
impedance state. The RESET input does not affect the output 
driver. 

SYSTEM INTERFACE 

The processor and expansion-port interface for the four expan- 
ders is shown in Figure 2. As previously indicated. Internal oper- 
ations of the MB88306 and MB88307 are initiated on the rising 
edge of Shift Clock (SC) whereas, the same operationjjn the 
MB88308 and MB88309 occur on the falling edge of SC. The 
Serial Output (SO) pin can be used to cascade two or more ex- 
panders; an example is shown later in this data sheet. 



Table 2. Expander Functions 





Control Inputs 


Internal State 


Data 
Outputs 


SC(SC) 






OE 


Shift 
Register 


Data 
Latch 


O7-O0 


LOAD 


RESET 


Shift 


T(i) 


H 


X 


X 


X 


X 


X 


Hold 


H/L. 
i(t) 


X 


X 


H 


X 


X 


z 


L 


X 


Load 


X(X) 


L 


H 


H 


X 


X 


z 


L 


H/L 


H/L 


H/L 


Reset 


X(X) 


X 


L 


H 


X 


H 


Z 


L 


X 



H = High level 
L = Low level 



Z = High impedance 
X = Don't care 



T = Rising edge 
i = Falling edge 
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FUNCTIONAL DESCRIPTION (Continued) 

OPERATING MODES 

Initialization (Reset Mode) 

After power on, contents of the shift register and data latch are 
undefined. The shift register can not be initialized by hardware 
because it has no preset input. T he data latch can be preset to 
a high state by a low level on the RESET pin. 



Data Input (Shift A Hold Modes) 

Data serially loaded by the processor through the SI pin syn- 
chronously with the shift clock, SC (MB88306/7) or §C 
(MB88308/9). At the rising edge of SC or the falling edge of SO, 
serial data on the SI pin is shifted into the MSB of the shift regis- 
ter. Each bit of the shift register is shifted right, and the LSB of 
the shift register underflows onto the SO pin. During high and 
low levels of SC (SC), contents of the shift register are held. 



SC 

SI 
SHIFT 

REOISTEI 
BIT 7 
(MSB) 

BIT 6 

BITS 

BIT 4 

BIT 3 

BIT 2 

BIT1 

BITO 
(LSB) 

SO 

HBET 

noAo 

DATA 
LATCH 

OE 
07-00 


1 2 3 4 S 6 7 8 


UUULJLiLJLJLJ 

i H 1 L 1 L i H 1 L 1 L I L [ L 


/////i/in ! 1 I 111! ! 1 ! Munn/n/iifi 




/////>// J A i i i ! i 1 ^ 


1 ' r 1 1 1 

1 1 1 : 1 1 : 


'n/i/nn>inn\ i : i i i : ^ 


t 1 1 1 1 1 1 
1 1 1 1 1 1 1 


i)/////l//l//JJ/////,'A 1 1 1 1 1 L 


(till 
1 1 1 1 1 


V/////////////////////////I 1 1 1 1 ' 


1 ) 1 1 

1 : 1 1 >- 


//i/i//i//)/)/n)ni/n//)n/u\ \ i | „ 


i ' ' 


////////////////////////////////////A \ 


1 


>////////////////////////////////////////A i L 


1 
1 


1 


///////////////////////////////////////////////\^ 


1 


u 


u 

1 1 


mm/ ~ \_^_ 


— 1 \ 


W/A HioHiMPHOANCH j'^^::::- 


ajjjj "A "^"^ 


Legend: 

8306-6 



FUJITSU 



2-196 



MB88306 
MB88307 
MB88308 
MB88309 



FUNCTIONAL DESCRIPTION (Continued) 
Data Output (Load Mod*) 



A low level on the LOAD pin transfers 8 bits of data from the 
shift register in parallel into the data latch. A low level on the OE 
pin enables the 8-bit da ta in th e data latch onto the output port 
pins 07-00. When the LOAD pin is high, the shift register and 
the data l atch are isolated to hold contents of the data latch. 
(When the RESET pin is activated, the load input is automatical- 
ly inhibited.) Also, when the OE pin is inactive, the 07-00 pins 
are forced to a high impedance state. (The data output pins of 



the MB88307/9 float when 1s are output because they have 
NMOS open-drain drivers.) 

APPLICATION 

Figure 4 shows an example of an expanded output port configu- 
ration. 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 


Symbol 


Rating 


Unit 


Remarks 


MIn 


Max 


Supply Voltage 


Vcc 


Vss-0.3 


Vss+7.0 


V 




Input Voltage 


V|N 


Vss-0.3 


Vss + 7.0 


V 


Should not exceed Vqc + 0.3V 


Output Voltage 


VOUT 


Vss-0.3 


Vss + 7.0 


V 


Should not exceed Vqc + 0.3V 


Output Low Current 


lOL 




20 


mA 




Total Output 
Low Current 


2:ioL 




60 


mA 




Power Dissipation 


Pd 




200 


mW 




Operating Ambient 
Temperature 


Ta 


-40 


+ 85 


"C 




Storage Temperature 


TSTG 


-55 


+ 150 


°C 





Permanent device damage may occur if the above ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Unit 


Remarks 


MIn 


Max 


Supply Voltage 


Vcc 


4.5 


5.5 


V 


Guaranteed range 


Vss 








V 




Input High Voltage 


V|H 


0.7VCC 


Vcc +0.3 


V 


Non-hysteresis inputs: SI, OE 


VlHS 


0.8VCC 


Vcc +0.3 


V 




Hysteresis inputs: RESET, LOAD, SC (SC) 


Input Low Voltage 


V,L 


Vss-0.3 


0.3VCC 


V 


Non-hysteresis inputs: SI, OE 


ViLS 


Vss-0.3 


0.2Vcc 


V 




Hysteresis inputs: RESET, LOAD, SC (SC) 


Operating Ambient 
Temperature 


Ta 


-40 


+ 85 


°c 
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PC CHARACTBRISTICS 

(Recommended operating conditions unless otherwise noted) 





Symbol 


Pin 




Valu« 


Unit 


Mln 


Typ 


Max 


Output High Voltage 


VOH 


07-001. SO 


Vcc = 4.5V, loH = -200|uiA 


2.4 






V 


Vcc = 4.5V. loH = -10 ^lA 


4.0 






V 


Output Low Voltage 


Vol 


07-00. SO 


Vcc = 4.5V, loL = 1.8 mA 






0.4 


V 


Vcc = 4.5V, loL = 5.0 mA 






0.6 


V 


Vcc = 4.5V, loL = 15 mA 






1.2 


V 


Input Leakage 
Current 


l|L 


SI, SC, (§C) 
RESET, LOAD. C5E 


Vcc = 5.5V, V,N = 0.4V 






-10 


^A 


High-Impedance 
Output Leakage 
Current 


"oz 


07-001 


Vcc = 5.5V, 
V|N = OV to 5.5V, 
Off State 






±10 


M 


Open-Drain 
Output Leakage 
Current 


(leak 


07-002, SO 


Vcc = 5.5V, 
V,N = 5.5V, 
Off State 






10 


txA 


Supply Current 


Ice 


Vcc 


Vcc = 5.0V (Typ). 
5.5V (Max), fc = 2 MHz. 
All Outputs Open and 
All Inputs Pulled 
Up/Down to Vcc/Vss 




'100 


200 


liA 



Notes: 

1 . This parameter is specified for MB88307/MB88309 (CMOS 3-state output). 

2. Tliis parameter is specified for MB88306/MB88308 (NMOS open-drain output). 

AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 

Input Timing Requirements 



Parameter 


Symbol 


Pin 


Condition 


Value 


Unit 


Mln 


Typ 


Max 


Shift Clock Frequency 


fc 


SC(SC) 








2 


MHz 


Shift Clock Cycle Time 


tCYC 


SC(§C) 


Fig. 5 (Fig. 6) 


0.5 






lis 


Shift Clock Pulse Width 


twCH 


SC(SC) 


Fig. 5 (Fig. 6) 


200 






ns 


twCL 


Shift Clock Rise/Fall Times 


tcr 


SC(SC) 


Fig. 5 (Fig. 6) 


10 




100 


ns 


tcf 


Input Data Setup Time 


ts 


SI 


Fig. 5 (Fig. 6) 


100 






ns 


Input Data Hold Time 


tH 


SI 


Fig. 5 (Fig. 6) 


50 






ns 


Reset Pulse Width 


twi 




Fig. 7 


100 






ns 


RESET 


Load Pulse Width 


tW2 


LOAD 


Fig. 7 


200 






ns 
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AC CHARACTERISTICS 

(Recommended operating conditions unless othenA/ise noted) (Continued) 



sc 

SI 




Figure 5. input Timing for MB88306 and 11838307 


Vowcc 






•un. 




0.8Vcc^ 


s 


rO-2Vcc 


0-2Vcc^ 




-O-SVcc 0.8Vcc^ 
* *WCH 


^ 




*■ -CT 




> 


•WOL 




" 




"0.7Vcc 




0.7Vcc" 


K 


6306-8 


- tl- > 




« t.. to 










^ Is m 




* ^H * 







Figure 6. Input Timing for M888308 and M888309 



*CYC - 



7^"^^ 



0.2VCC >^_ 0-2VCC-: / 



X0.7Vc, 
0^ 



0-3VcC^ ^ 



RESET • 
LOAD 



Figure 7. Input Timing for All Expanders 

*W1'*W2 • 



_^ -• ^W1'*W2 ^ i— 

0.2Vcc^ ^^ 3 ^ 0.2Vc( 
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AC CHARACTERISTICS 

(Recommended operating conditions unless othen^^ise noted) (Continued) 

Output Timing Responses 



Paramster 


Symbol 


Pin 


Condition 


Value 


Unit 


MIn 


Typ 


Max 


Parallel Data 
Output Delay 
Time 


tODH1 


07-00 


Output Load: 
50pF+ 1.2 kft 
See Fig. 8 






500 


ns 


tODL1 






200 


ns 


tD0H2 






500 


ns 


tD0L2 






200 


ns 


Serial Data 
Output Delay 
Time 


tSDH 


SO 






500 


ns 


tSDL 






200 


ns 



Figure 8. Output Timing for All Expanders 

Parallel Data Output (1)—LOAD Controlled 



\ ^0.2Vcc / 



\^o£cc__y 



-*0DH1— ^ 



7 



\ 



Parallel Data Output (2)—OE Controlled 

OE JF^ 



■5r0.7Vcf 



a ^0.4' 



HIGH IMPEDANCE 






Serial Data Output 

sc 
(sc) 



*SOH— * 



MB88306/7 
SO 



MB88308/9 
SO 



\.E^ -X^^"^- S, 



T^2.4V 



tsDL— 



^ r0.4V 



♦— *SDH-* 



7 



— tsDL- 



^; 
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PACKAGE DIMENSIONS 



16-LEAD PLASTIC 

DUAL IN-LINE PACKAGE 

(DIP-16P-M02) 



■ n n n n n rn m [iL 



U LJ U LJ U L_J LJ lJ 



.234(5.94) .290(7.37) 
.254(6.45) .310(7.87) 




-.050 (1.27) MAX 



dnnnnnn 



.015(0.38) 



,172(4.36)MAX 



118 (3.00) MIN 



1.060(1.52) 
.072(1.82) 



.020(0.51)MIN 




Dimensions in 
Indies (millimeters) 



16-LEAD PLASTIC 
FLAT PACKAGE 
(FPT-16P-M02) 



■382(9.7) 



.409(10.4) 



Li 



IIMl 



BTTHTTn 



. 050(1.27) 
TYP 



.291 
.323 
.197(5.0) 
.220(5.6) 



7.4) 
8.2) 



a! 
.024(0 



U 



MIN 
(STAND OFF) 



.260(6.6) 
.283(7.2) 






.012(0.3) 
.028(0.7) 



.008(0.20) 
.085(2.15) 



Details of "A" part 




Dimensions in 
inches (millimeters) 
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Memoty 
Controflers 
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MB1422A 


3-22 


MB1430 


3-23 


MB1412A 


3-39 


MB1426 



Dynamic RAM Controller LSI 

1M Dynamic RAM Controller 

LS-TTL Error Checking and Correction Circuit 

16-Blt Error Checking and Correction 
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DYNAMIC RAM CONTROLLER 

The Fujitsu MB 1422A is a high performance DRAM controller LSI. 
The MB 1422A controls address multiplexing, refresh timing and their arbitra- 
tion, and realizes one chip DRAM peripheral controller. 

The MB 1422A is designed to easily interface 64K and 256K DRAM to the 
system based on the 8086 or 68000. 

The MB 1422A is fabricated in an advanced low-power Schottky TTL process. 
The device is housed in a plastic 42-pin Dual In-line-Package, 42 pin shrink 
DIP, and 44-pin PLCC. 



• 256k and 64k Dynamic-RAM control capability 

• Directly addresses and drives up to 44 DRAMs without external drivers 

• Internal/external refresh capability 

• Supports 8086 (5MHz or 8MHz) or 68000 (8MHz or 12.5MHz) type micro- 
processor 

• -f-5V only schottky TTL technology for high performance 

• Low power dissipation : 440mW Typ. 

• TTL compatible I/O 

• Standard 42 pin Plastic DIP (Suffix: -P) 

• Standard 42 pin Plastic Shrink DIP (Suffix: -P) 

• Standard 44 pin Plastic LCC (Suffix: -PD) 

ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Rating 


Unit 


Powery Supply Voltage 


Vcc 


+7.0 


V 


Input Voltage 


V, 


-0.5 to -f-5.5 


V 


Output Voltage 


Vo 


-0.5 to +5.5 


V 


Operating Temperature 


Top 


-25 to +85 


°C 


Storage Temperature 


TsTG 


-55 to +125 


°C 



^ 



PLASTIC PACKAGE 
DIP-42P-M01 



PLASTIC PACKAGE 
DIP-42P-M02 



PLASTIC PACKAGE 
LCC-44P-M01 



PIN ASSIGNMENT 



RAOC 1 
CAOC 2 
RA1C 3 
CAIC 4 
RA2C 5 
CA2C 6 
RA3C 7 
CA3C 8 
MODEO/RESETC 9 
CLKC II 
GNDC 1 
RA4C i: 
CA4C i: 
RA5C 1 
CA5C 1! 
RA6C 11 
CA6C 1 
RA7C II 
CA7C II 
RA8C 2 
CA8C 2 



~Xy 42b 



TOP 
VIEW 



40 3AS 
JR/W 

DM0DE1/RFRQ 
RASO 
RAS1 
CASO 
CAS1 
DMAO 
32hv, 



cc 

1A1 
30t3MA2 

MA3 
3MA4 
DMA5 
DMA6 
DMA7 

MA8 
3RDY 

WE 



PLCC PIN ASSIGNMENT: See Page 21 



Perrrianent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



This aeviCc contains crrcuitry to proteci ine 
inputs against dannage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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Fig. 1 - MB 1422A BLOCK DIAGRAM 



CAO to CAS 
RAO to RA8 



^ 
^ 



MODEO/RESET- 



M0DE1/RFRQ- 



REFRESH 

TIME 

GENERATOR 



R/W 
CS 

BS 
CLK 



ARBITER 



REFRESH 
COUNTER 



^ 



MULTIPLEXER 



^ 



MAO to MAS 



TIMING 
GENERATOR 



-^RASO 
—- RAS1 
— ^CASO 
-^CASI 
-^WE 

-^-RDY 



BLOCK FUNCTIONS 

Multiplexer: Multiplexes the CPU addresses (CA and RA) and refresh address to nine row and nine column address. 

Timing Generator: Generates RAS, CAS and WE signals by address strobe (AS) and R/W signals from CPU and refresh request 

signal from the arbiter. Sends select signals for row, column or refresh address to multiplexer. 
Refresh Counter: Generates the refresh address and counts up at each cycle. 
Refresh Time Generator: Generates an internal refresh request signal. 
Arbiter: Resolves the conflict of read/write and refresh cycle. 
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Table 1 - PIN DESCRIPTION 



Symbol 


Pin 


Type 


Pin Name and Function 


DiP 


PLCC 


MODEO/ 
RESET 


9 


10 


1 


Internal/External Refresh Select; 

This pin is used to select refresh mode, internal refresh or external refresh. 

If MODEO/RESET = "H", internal refresh mode is selected. 

If MODEO/RESET = "L", external refresh mode. 

The fallmg edge of MODEO/RESET resets the refresh address counter. 


M0DE1/ 
RFRQ 


38 


40 


1 


Internal Interval Select/External Refresh Request; 


When Internal Refresh mode is selected (MODEO/RESET = "H"), this pin 

is used as refresh interval selection. 

If CLK > 15MHz, it must be "L", and if CLK -24 to 25MHz, it must be 

"H". 


When External Refresh mode is selected (MODEO/RESET = "L"), this 
pin is used as refresh request. And the refresh starts when 
M0DE1/RERQ = "L" is strobed by the falling edge of CLK. 


AS 


40 


42 


1 


Address Strobe; 

Memory access starts when AS = "L" is strobed by the falling edge of 
CLK, and ends at the rising edge of AS, that is, both RAS and CAS 
become "H" (inactive) when AS turns "H" except refresh mode. 
The AS must be kept "L" until RAS and CAS pulse widths have been 
satisfied for DRAM specifications. 


R/W 


39 


41 


1 


Read/Write Control; 

This pin is used to select memory read or write mode. 

If R/W = "H", read mode is selected. If R/W = "L", write mode. 


cs 


42 


44 


1 


Chip Select; 

This pin is used to control the states of output pins except for RDY. 
When CS = "H", RAS, CAS, WE and MA (MAO to MAS) become high 
impedance state. 


BS 


41 


43 


1 


Bank Select; 

This pin is used to select either of the two banks of DRAM arrays. 
If BS = "L", the lower bank (RASO) is selected. 
If BS = "H", the upper bank (RAS1 ) is selected. 


CLK 


10 


11 


1 


Clock input; 

This input provides basic timing for the internal logic. 

8086 (5MHz) -> CLK = 15MHz 

8086 (8MHz) -> CLK = 24MHz 

68000 (8MHz)->CLK = 16MHz 

68000 (12.5MHz) ^ CLK = 25MHz 

The CLK frequency should be higher or equals to 15MHz. 


RAO 
RA1 
RA2 
RA3 
RA4 
RA5 
RA6 
RA7 
RA8 


1 

3 

5 

7 

12 

14 

16 

18 

20 


2 

4 
6 
8 
13 
15 
17 
19 
21 


1 


Row Address; 

These inputs are used to generate memory row address. 



I: Input, 0*: 3-State output 
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Table 2 - PIN DESCRIPTION (Continuted) 



Symbol 


Pin 


Type 


Pin Name and Function 


DIP 


PLCC 


CAO 
CA1 
CA2 
CAS 
CA4 
CA5 
CA6 
CA7 
CAS 


2 

4 

6 

8 

13 

15 

17 

19 

21 


3 

5 

7 

9 

14 

16 

18 

20 

22 


1 


Column Address; 

These inputs are used to generate memory column address. 


RASO 
RAS1 


37 
36 


39 
38 


0* 


Row Address Strobe; 

These outputs are used by DRAM to strobe Row Address present on MAO 

to MAS. 

Either RASO or RAS1 is selected by BS. 

The selected RAS is issued after AS = "L" Is strobed by the falling edge of 

CLK. 

In the refresh mode (both Internal and External), both RASO and RAS1 

are issued. 

These outputs become high impedance state If OS = "H". 

Each output drives maximum 22 DRAMs directly without external driver. 


CASO 
CAS1 


35 
34 


37 
36 


0* 


Column Address Strobe; 

These outputs are used by DRAM to strobe column address, present on 

MAO to MAS. 

These outputs are issued from the CLK rising edge, which is 1.5 CLK 

cycles after AS = "L" is strobed, with delay time of tcASN- (See Fig. 4 

and 5.) 

These outputs are not controlled by BS, i.e., both CASO and CAS1 are 

issued every memory access. 

In the refresh mode (both Internal and External), these outputs are kept 

"H". _ 

These outputs become high impedance state if OS = "H". Each output 

drives maximum 22 DRAMs directly without external driver. 


WE 


22 


24 


0* 


Write Enable; 

This output is used by DRAM to control read or write cycle. 

This output depends on R/W input, i.e., it is asynchronous with CLK. 

This output drives maximum 44 DRAMs directly without external driver. 


RDY 


23 


25 





Ready; 

This output identifies whether the memory arrays is refresh mode. 

If RDY = "L", refresh is excuted. If RDY = "H", refresh is not executed. 


MAO 
MAI 
MA2 
MA3 
MA4 
MA5 
MA6 
MA7 
MAS 


33 
31 
30 
29 
28 
27 
26 
25 
24 


35 
33 
32 
31 
30 
29 
28 
27 
26 


0* 


Memory Address; 

These outputs are used by DRAM for address inputs, row, column and 

refresh row address. 

These outputs can drive maximum 44 DRAMs directly without external 

driver. 

These outputs become high impedance state if CS = "H". 



I: Input, O*: 3-State output, O: Output 
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Read/Write Cycle Mode; 

The memory read and write cycle starts from AS = "L". 
The selected RAS is issued after half cycle period fr om th e 
falling edge of CLK which strobes AS = "L'\_The CAS is 
issued after 1.5 cycles from AS strobed. The AS input must 
satisfy the set up time, T^ssl/ referenced to the falling edge 
of CLK. The address at MAO to MAS are changed from row 
to column at the 3rd rising edge of CLK. The WE output 
depends on R/W input, controlled by neither CLK nor AS, 
i.e., if R/W changes from "H" to "L" in memory cycle (AS = 



"L"), WE is changed regardless of states of AS and CLK. 
Therefore, Read-Modify-Write cycle can be executed. Refer 
to the "APPLICATION" section below. 
The bank select (BS) must not change during AS = "L" be- 
cause the RAS's are controll ed b y BS. If BS were changed 
during AS = "L", the both RAS (RASOand RAS1) would 
be selected during one memory access cycle. Refer to the 
Fig. 2. 



Fig. 2 - BANK SELECTION 



MODEO/- 



RDY 
BS" 




In the read cyc le, th e data on upper bank are 

held valid until CAS goes "H". 

When the DRAM has the "CAS-before-RAS" 
refresh mod e, the DRAM executes the CAS- 
before-RAS refresh. 



Upper bank select \ Upper bank select (no operation**) 

(operation*) Lower bank select (no operation**) 



Refresh Mode; 

The MB 1422A provides two types of refresh modes as inter- 
nal refre sh mod e and exte rnal refresh mode selected by 
MODEO/RESET. B oth R ASP and RAS1 are issued during 
refresh mode Both CASO and CAS1 are set."H" until com- 
pletion of the refresh cycles. 

The refresh addresses are provide d by internal refresh coun- 
ter on MAO to MAS before issuing RAS. 
During refresh mode (both internal and external), RDY is 
set "L" to identify the MB 1422A is in refresh cycle. 
When AS is brought "L" during RDY = "L", the memory 
access (both Read and Write Cycle) is ignored and the 
MB 1422A executes RAS-only refresh. 

1. Internal Refresh Mode; 

The internal refresh mode is selected by MODEO/RESET 
= "H" and executed by internal refresh request. 
In the internal refresh mode, the refresh is automatically 
taken place by the specified period since internal refresh 
request signal is generated by the refresh time generator. 
The internal refresh will be completed within ten CLK 
cycles, therefore, the RDY remains "L" until ten CLK 
cycles. 



2. External Refresh Mode; 

The external refresh mode is selected" by MODEO/RESET 
= "L" and executed when the M0DE1/REFQ = "L" is 
strobed by the falling edge of CLK. 

The external refresh will be completed within twelve CLK 
cycles after M0DE1/RFRQ= "L" is strobed by the falling 
of CLK. However, the RDY is kept "L" within ten CLK 
cycles. Because the first falling edge of CLK after 
M0DE1/RFRQ = "L" is used to check the status of AS 
and the second falling edge is used to issue RDY signal. 
If AS = "L" is strobed by the first falling edge of CLK, 
the MB 1422A executes memory access (read or write) 
first and refresh mode. 

Arbitration of memory access and refresh request; 

The MB 1422A arbitrates memory access and refresh request. 
If refresh request, either external or internal, is strobed dur- 
ing memory access cycle, the MB 1422A executes memory 
accebs cycle first and refresh cycle. On the other hands, 
if memory access request is strobed during refresh mode 
the memory access request will be ignored until the end 
of refresh cycle. 
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FUNCTIONAL TRUTH TABLE 



BS 


READ/WRITE CYCLE 


REFRESH CYCLE 


RASO 


RAS1 


RASO 


RAS1 


L 


Valid 


H 


\/-i:^ 


H 


H 


Valid 







CS 


MAO to MAS 


RASO 
RAS1 


CASO 
CAS1 


WE 


L 


Valid 


H 


High-Z 



MODEO/RESET 


M0DE1/RFRQ 


Function 


H 


L 


Internal Refresh mode, CLK^ 15MHz* 


H 


H 


Internal Refresh mode, CLK = 24 to 25 MHz** 


L 


RFRQ 


External refresh mode 



*: For 8086 (5MHz) and 68000 (8MHz), the refresh is executed once in every 232 CLK cycles. 
**: For 8086 (8MHz) and 68000 {12.5MHz), the refresh is executed once in every 372 CLK cycles. 

DRAM INTERFACE 



Addressing; 

The MB 1422A is capable to address directly maximum 
51 2K address with 256K DRAM. Fig. 3 shows the example 
of interfacing between MRU and MB 1422A for both 64K 
and 256K DRAM system. The DRAMs require address 



set-up and hold times on both row and column addresses. 
The MB 1422A resolves such critical timing requirement. 
Fig. 4 shows an example of calculation of address set up and 
hold times. 



Fig. 3 - INTERFACING BETWEEN MRU AND DRAM 


MPU 


MB 1422A 


MPU 


MB 1422A 




A1 to A8 S 


RAO to RA7 


A1 to A9 ^ 


RAO to R AS 




A9toA16 : 
y/ 

A17 mm. 


CAO to CA7 


A10toA18 ^ 


CAO to CAB 










BS 




64KDR 
(128K Ad 


AM 
dress) 


256KC 
(512KA 


RAM 
ddress) 





" 



Fig. 4 - EXAMRLE OF ADDRESS SET UR AND HOLD TIME CALCULATION 

1 tcY 



CLK 

AS 

RAS 

CAS 



tRASN 



tRAH 



-^ASC 



tASC = ^CASN <Min) - tMAN <Max) 

tRAH = ^CY (Min) + tMAN <Min) " ^raSN <Max) 



I [-* — tcASN 



ADDRESS 
(MAO to MAS) ' 



-*MAN 
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Read/Write Command; 

Since the WE depends on R/W, it must be taken a care to 
set-up and hold times for Read and W rite command. There- 
fore, R/W must be valid before CAS = "L", and R/W must 
not be changed until Read or Write command hold time 



has been satisfied except for read-modify-write cycle. Fig. 5 
shows an example of calculation of Read/Write command 
set up times. 



Fig. 5 - READ/WRITE COMMAND SET UP/HOLD TIME 



CLK I 


USSL-^ 


"LJ 


"1_ 






"L. 


J" 


-LJ-LJ-L- 


AS 








~ 






[— t, 


lASN — *— 


}— — tASRAS 


RAS 








r 


-^tASCAS 






|-— ^CASN 






CAS 


1 — 












tr»o 




U»--^tRCH 








_"• 


1 


WE I 1 ■ 


J_ 




--[ u 


— twE 


EHL (or 


^WELh) twELH 


(or twE 


.HL 


-J 


lU- 



R/W 



lU 



Set Up Time; 

tWCS == <tcASN + l-StcY + ^ASSl) " (*D1 "*" ^WEHl) 
tRCS == ^tCASN ■•" 1-5tcY +tASSL) " <tD1 +ty/vELH) 

Hold Time; 

<RCH = tD2 - ^ASCAS + ^WEHL 



Initiallization; 

In the single power supplied DRAM which has substrate 
bias generator, it is necessary 200ms pause time to let sub- 
strate stable and after that eight dummy RAS cycles must 
be done for initiallization of internal dynamic circuitly. 
Therefore, memory access is not executed correctly until 
the above pause time and eight dummy cycles have been 
satisfied. In the case of using internal refresh mode, eight AS 
clocks or eight refresh cycles must be applied after 200iLts 



pause time. 

On the other hand, in the case of using ex ternal refresh 

mode eight refr esh cycles (keeping M0DE1/RFRQ = "L" 

until eight RAS = "L" is detected) or eight AS cycles must 

be applied. 

Refresh; 

The MB 1422 A is capable of doing refresh mode for both 

2ms/128 cycles and 4 ms/256 cycles. 
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MPU INTERFACE 

The MB 1422A is capable of interfacing with both 8086 and 6800. 
The examples of interfacing with these MPU's are shown in Fig. 6 and 7. 



Fig. 6 - EXAMPLE OF INTERFACE BETWEEN MB 1422A AND 8086 



+5V 

T 



ji 



MBL8284A 

OSC 



r 



WAIT STATE 
GENERATOR 



RESET CLK 



■Do~15 /»— 
^16-19 \- 



V 



So MRDC 

q, MWTC 



DEN 
DT/R 
ALE 



r 



MBL8282 
STB 



o> 



I 



r 



MODEo 




MODEi 
R/W 


RASo 
RASi 


AS 


CASo 




CASi 



-t— cTV WEI 

— cTV WEO 

^ 






D, ( 



Dl DO 

TV 



Ao~8 
RAS 



Dl DO 

7^ 



RAS 
CAS 



7T 



Ao~8 

RAS 
CAS 
MB 81256 



Dl DO 

7T 
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A23 
A22 
A21 
A20 

Ai~i9 



Da- 15 
Do- 7 



Fig. 7 - EXAMPLE OF INTERFACE BETWEEN MB 1422A AND 68000 




WAIT STATE 
GENERATOR 



i 



25 



n 



MODEO 
MODE 1 
R/W 



RASo 

RAS 

BS CASo 

CASi 



CAo-- 

RAo~8 

CS RDY 



;=tM>-^ 



(DRIVER) 



-{>- 



rs^ 



CAS 
MB 81256 X 



CAS 
MB 81256x8 



Dl DO 

7^ 



MB 81256x8 



MB 81256x8 



Dl DO 

7T 



l£^ 



RO Dl 
DCE ,,„ ,,, 



IT 



t^ 



RO Dl 
MB 426 



7^ 
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APPLICATION 

Memory Access Cycle Time; 

Since memory access cycle depends on AS, the memory 
cycle time can be controlled by AS. The minimum cycle 



time can be calculated with Fig. 8. 



Fig. 8- MEMORY ACCESS CYCLE TIME 



CLK 



USSL 



AS 



1^ 



w 



^ASW- 



^RASN 



RAS 



CAS 



tRSH- 

-tCASN- 



\-' 



ASRAS 



Hence, tpco ~ ^cy + ^casn "^rasn 

tpsH = 75ns (min) -> MB 81256-15 

The minimum AS Pulse Width must be tpsH + ^rcd "•" 

^RASN + 0.5tcY + tASSL -^ASRAS- 

The maximum AS pulse width must not be greater than 
maximum tp^s o^ DRAM. 



-^ASCAS 



Read-Mod if y-Write; 

The MB 1422A provides a capable of read-modify -write and 
delayed write cycle by delayed write command input on 
R/W. 



Fig. 9 shows an example of write command on R/W for read- 
modify-write cycle. 



Fig. 9 -WRITE COMMAND INPUT FOR READ-MODI FY-WRITE 



CLK 



Uss 


L-^ 


U- 










AS "■■ 








^ 


^tp 


lASN — ^ 




-^^ASRAS 


RAS 






1 








^— tcASN 


H 


-jtASCAS 


CAS 




tcWD 




^ 




, 






•m ^ 1 «• *■ 


^RWL 


WE 






— ■ 1 




-^ U-tv 


VEHL 


R/W 










1 







In the Read-Modify-Write cycle, the write command (WE) 
should be delayed with tcwD- Therefore, the write com- 
mand on the R/W should be delayed. 

Delay Time of R/W from AS is; 

^ASSL + 1 -StcY + tCASN + tcWD " ^WEHL- 
The tRWL and tcwL "^"st be noticed in the read-modify- 

write cycle. 

Therefore, AS must be "L" until delay time of t^wL ~ 
^ASCAS and tRWL ~^ASRAS '^ave been satisfied. 
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Refresh; 

There are two ways for refreshing DRAM in the memory 

system as cycle steal (or distributed) refresh and burst 

refresh. 

The MB 1422 A provides both ways. 

In the internal refresh mode, cycle steal refresh is taken place 

automatically without any external control circuit. 

On the other hands, in the external refresh mode, both ways 

can be used by controlling M0DE1/RFRQ input. 

1. Cycle Steal Refresh 

The cycle steal refresh is taken place by the period divided 
required refresh period by required refresh cycle, i.e., 
4ms/256 = 15.6ius, and the refresh request should be 



applied at a period of IS.G/zs. In the external refresh mode 
the refresh period counter is necessary for this purpose. 

2. Burst Refresh 

The burst refresh is taken place by doing refresh for all 
required refresh cycles continuously, i.e., the refresh 
request should be appli ed at a period of required refresh 
cycles. When M0DE1/RFRQ is kept "L" through all 
refresh cycles (256 or 128) , one refresh cycle will be 
completed within seven CLK cycles because next refresh 
request is strobed during the refresh cycle. 
Fig. 10 shows an example of burst refresh cycle with keep 
M0DE1/RFRQ= "L" through the cycle. 



Fig. 10- BURST REFRESH 




Strobing refresh request 

L 



RAS1 

CAS0/CAS1 

RDY 



RDY Output; 

The MB 1422A issues ready signal to identify whether 
DRAM array is ready or not. The following cautions are 
necessary to send RDY to MPU. 

• RDY must be sent only when the DRAM array is being 
accessed. 

• RDY must be sent synchronously with MPU operation. 

• RDY must be sent before MPU starts operation, and if 
RDY is issued during MPU operation, RDY must beheld 
until the completion of current MPU operation and then 
sent to MPU. 

The Fig. 11 shows an example of external circuit to send 
RDY to MPU. 



Fig. 11 - EXAMPLE OF RDY INTERFACE TO MPU 



RDY from MB 
Memory Select 



:^^^^^JI)- 



Master Clock of MPU- 



>CK 



READY 
TO MPU 



In this case, both set up and hold times on READY of MPU 
must be satisfied. 
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RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Unit 


Min. 


Typ. 


Max. 


Supply Voltage 


*Vcc 


4.5 


5.0 


5.5 


V 


Output High Current 


loH 


- 


- 


-3.3 


mA 


Output Low Current 


•OL 


- 


- 


10 


mA 


Ambient Temperature 


Ta 





- 


70 


°c 



«: Referenced to GND 



DC CHARACTERISTICS 

(Recommended Operation Conditions unless otherwise noted.) 



n 




Symbol 


Value 


Unit 


Conditions 


rciiciiiit;Lc:i 


Min. 


Typ. 


Max. 


Supply Current 


"cc 




88* 


145 


mA 


Vcc = 5.5V 


Input Low 
Current 


Except for CLK and CS 


l|L 






-200 


ma 


Vcc = 5.5V, 
V,N=0.5V 


CLK,CS 






-400 


Input High Current 


'iHI 






20 


ma 


Vcc = 5.5V 
V|N = 2.4V 


hH2 






100 


Vcc = 5.5V, 
V,^, = 5.5V 


Input Clamp Voltage 


V,c 






-1.5 


V 


Vcc = 4.5V. 
l,N=-18mA 


Output Low Voltage 


Vol 






0.5 


V 


Vcc = 4.5V, 
Iql = 10mA 


Output High Voltage 


VOH 


2.4 






V 


Vcc = 4.5V, 
'oh = -3.3mA 


Output Leakage Current (High-Z) 


loz 


-100 




100 


ma 


Vcc = 5.5V, 
VouT=0.5V/2.4V 


Output Short Circuit Current 


los 


-50 


-100* 


-200 


mA 


Vcc = 5.5V, 
VouT = OV 


Input Low Voltage 


V,L 


- 


- 


0.8 


V 




Input High Voltage 


V,H 


2.0 


- 


- 


V 





All typical values ^re at Vcc = 5.0V, T^ = 25 C 
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AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 



Parameter 


Symbol 


Value 


unit 


Min. 


Typ. 


Max. 


AS Low Set up Time to CLK 


^ASSL 


10 






ns 


FR RQ Low Set up Time to CLK 


^RFRQS 


10 






ns 


RFRQ Low Hold Time to CLK 


^RFRQH 


10 






ns 


RFRQ High Set up Time to CLK 


^REFSS 


10 






ns 


AS High Set up Time to CLK 


*ASSH 


10 






ns 


BS Set up Time to CLK 


^BSS 


10 






ns 


BS Hold Time to AS 


teSH 


10 






ns 


CLK High Time 


tyvp 


15 






ns 


CLK Low Time 


^WN 


15 






ns 


Delay Time from CLK to RASn 


^RASN 




20 


32 


ns 


Delay Time from AS to RASn 


^ASRAS 




18 


30 


ns 


Delay Time from CLK to CASn 


^CASN 




37 


52 


[ ns 


Delay Time from AS to CASn 


^ASCAS 




36 


53 


ns 


Delay Time from RAm to MAm 


^RAMA 




21 


35 


ns 


Delay Time from CLK to MAm 


^MAN 




27 


42 


ns 


Delay Time from CAm to MAm 


^CAMA 




21 


35 


ns 


Delay Time from AS to MAm 


*ASMA 




23 


39 


ns 


Delay Time from R/W to WE 


*WEHL 




16 


25 


ns 


t 
^WELH 




17 


28 


ns 


Delay Time from CLK to RASn 
(Refresh cycle) 


^RASRHL 




24 


36 


ns 


^RASRLH 




25 


37 


ns 


Delay Time from CLK to MAm 
(Refresh cycle) 


^MAR 




33 


51 


ns 


Delay Time from CLK to RDY 
(Refresh cycle) 


^RDYHL 




23 


35 


ns 


^RDYLH 




21 


32 


ns 


Address Enable Time from CS 


tpZHMA 




24 


43 


ns 


^PZLMA 




24 


41 


ns 


We Enable Time from CS 


tpZHWE 




24 


43 


ns 


tpZLWE 




24 


41 


ns 


RAS/CAS Enable Time from CS 


tpZHRC 




20 


38 


ns 


tpZLRC 




23 


41 


ns 


Address Disable Time from CS 


tpHZMA 




36 


56 


ns 


tpLZMA 




32 


48 


ns 


We Disable Time from CS 


tpHZWE 




36 


56 


ns 


tpLZWE 




32 


48 


ns 


RAS/CAS Disable Time from CS 


tpHZRC 




33 


48 


ns 


tpLZRC 




23 


39 


ns 


Column Address to CAS Set up Time 


Use 









ns 


RA5 Puis Width (Refresh cycle) 


^WRAS 


150 






ns 


Delay Time from RAS to.CAS 


^RCA 


25 






ns 


Row Address Hold Time 


^RAH 


20 






ns 



n; 0, 1 

m; 0, 1,2,4,5,6,7,8 
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AC CHARACTERISTICS TEST CONDITIONS 



1. DELAY TIME 

Output o 



Pin Name 


CL(std) 


MAO to MAS 


300pF 


WE 


300pF 


RASO and RAS1 


200pF 


CASO and CAS1 


200pF 


RDY 


150pF 



7^ 
* Including jig capacitance. 



\ 



/ 



Input conditions; 

V,H =3V,V|L = 0V,tr ^ 10ns, tf ^ 5ns 



2. ENABLE/DISABLE TIME 



— O Measuring 
Point 



7777 
* Including jig capacitance. 





Symbol 


Pin Name 


CL 
(pF) 


VT 
(V) 


Disable 
time 

ment 


tpLZ 


MAO to MAS, WE 


300 


Vcc 


RAS.CAS 


200 


^PHZ 


MAO to MAS, WE 


300 





RAS, CAS 


200 


Enable 
time 

ment 


tpZL 


MAO to MAS, WE 


300 


Vcc 


RAS.CAS 


200 


tpZH 


MAO to MAS, WE 


300 





RAS, CAS 


200 



ifi: 



\ 



/ tr^lOns, 



tf ^ 5ns 



Delay time caicuration 

When the load capacitance is different from the standard value shown above, the delay time is specified according to 
the following equation. 

tpd(CL) = tpd(std) + 0.04 X aCl, aCl = Cl - CL(std) 

Unit: tpd = ns 
Cl=pF 
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CLK 
(INPUT) 



M0DE 1/ 

RFRQ 

(INPUT) 



AS 
(INPUT) 



RAS 
(OUTPUT) 



CASO, 1 
(OUTPUT) 



RAO to RAS 
(INPUT) 



MAO to MAS 
(OUTPUT) 



(OUTPUT) 



R/W 
(INPUT) 



WE 
(OUTPUT) 



BS 
(INPUT) 



READ/WRITE CYCLE TIMING DIAGRAM 



^ASSL 



\ 



tRASN 



tRAMA 



\ 



/ 



tCASN 



D( 



tASC-— ^ 



CAO to CAS > 

r ^ (INPUT) y 

— H |-i»-tMAN ^CAMA 



ROW ADDRESS 



-ROW ADDRESS- 



, ^BSS 



-^tRAH-^ 



/ 



tASRAS 



USCAS 



/ 



COLUMN ADDRESS 



■^H 



-COLUMN ADDRESS- 



^. 



^WEHL- 



1 



USMA 



)C 



-*-ROW ADDRESS 



f 



— -^twELH 



-^BSH 



X 
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EXTERNAL REFRESH CYCLE TIMING DIAGRAM 



CLK 
(INPUT) 



M0DE1/ 

RFRQ 

(INPUT) 



AS 
(INPUT) 



RAS 
(OUTPUT) 



CAS 
(OUTPUT) 



tRFRQS"^ r~ 



RDY 
(OUTPUT) 



■Hi 



(OUTPUT) ROW ADDRESS 



-tRASRHL 
%RAS- 



-^MAR 



-tRASRLH 



-tlS/IAR 



Y REFRESH address"" 



ROW ADDRESS 



-tRDYHL 



-tRDYLH 
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CLK 
(INPUT) 



M0DE1/RFRQ 



AS 
(INPUT) 



RAS 
(OUTPUT) 



CAS 
(OUTPUT) 



RDY 
(OUTPUT) 




(OUTPUT) ROW ADDRESS )^ COLUMN"aDDRESS ) | ( address AREFRESH ADDRESS; 



CLK 
(INPUT) 



M0DE1/RFRQ 
(INPUT) 



AS 
(INPUT) 



RAS 
(OUTPUT) 



CAS 
(OUTPUT) 



MAO to MAS 
(OUTPUT) 



RDY 
(OUTPUT) 



REFRESH READ/WRITE CYCLE 




BURST REFRESH CYCLE 




(OUTPUT) 



^(OUTPUT)^ ROW ADDRESS 



RDY 
(OUTPUT) 



RESH ADDRESS 



ROW ADDRESS X rJ 



-^MAR 



REFRESH ADDRESS N+ljj^ ADDRESS 
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APPLICATION FOR 1M DRAM 

The Fujitsu MB 1422A is designed to refresh all nine bits of memory addresses (MAO to MAS). It can also, control 1M 

DRAMs by adding some external circuits. 

Refer to the application circuits described below. 



Fjg. 12 -ADDITIONAL EXTERNAL CIRCUIT 



MB 1422 A 



CLK- 



t ► RASO 

— ^ RAS1 



MB 74LS157 



1M DRAM 



iX> 



RA9- 
CA9 - 



A Y 

B 



T 



A9 



CLK 
AS 



-Hr 



*■ ^RASN 



Ati 






MA9 






-At2 



■^V 



Ati = tpHL (LS08) + tpLH or ^PHL (LS157) ^ tR^H <Row Address Hold Time) 
At2 = tpLH (LS08) + tpLH or tpHL (LS157) 
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PACKAGE DIMENSIONS 



n n n i~] n rn 



42-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-42P-M01) 



n n n n n I 



A 



V- 



U LJ LJ LJ D LJ 



-.050(1. 27)MAX 



(EJECTOR MARK) 




LJ L-J LJ LJ 



2.045(51.95) 



2.071(52.60) 



.533(13.55) 
.553(14.05) 



.590(14.99) 
.610(15.49) 





.195(4.96)MAX 
.118(3.00)MIN 



020(0.51)MIN 



© 1986 FUJITSU LIMITED D42006S-1C 



Dimensions in 
inches (millimeters) 



42-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-42P-M02) 



f\r^r\rif\f\nrif\rif\f\f\f\f\f\f\f\ ^hfL . 



b 



(EJECTOR MARK) 



Uuuuuuuuuuuuuuuuuuuuu 




■070(1. 7 78)_^ I L ^ 



.UOSH I .O) 



©1986 FUJITSU LIMITED D42007S-1C 



.533(13.55) 
.553(14.05) 



a. 



.590(14.99) 
.610(15.49) 




I.207(5.25)MAX 
.118(3.0)MIN 



, .014(0.35) .020(0.51 )MIN 

.022(0.55) 



Dimensions in 
inches (millimeters) 



3-20 



■■■ 

FUJITSU 

IIIIIH^^^^^^^^ MB 1422A 



PACKAGE DIMENSIONS 





44-LEAD PLASTIC CHIP CARRIER 
(CASE No.: LCC-44P-M01) 

.007(0.18) 
.010(0.25) 

R.030(0.76) 

..J ^' 


T 1 .050(1.27) 
TYP 

Dimensions in 
inches (nnillinrieters) 


.685 ( 
.695 ( 


17.40) 
17.65) 
.650(1 
.656(1 

- 




/ 


1 /■ 


^5 .017(0.43) g 
\ — g 1 TYP © 

^S .026(0.66) 5 


6.51 )( 
6.66) J 


o 

O 








i 1 






.650(16.51/ 


W 


^.020(0.51) 




.656(16.66) 
.685(17.40) 






.090(2.29) 






.130(3.30) 
.165(4.19) 




.695(17.65) 
LIMITED C44051,S->C 




©19 


86 FUJ 


ITSU 




'.178(4.52) 



Pin No. 


Pin Name 


Pin No. 


Pin Name 


Pin No. 


Pin Name 


1 


GND 


15 


RA5 


29 


MA5 


2 


RAO 


16 


CAS 


30 


MA4 


3 


CAO 


17 


RA6 


31 


MA3 


4 


RA1 


18 


CA6 


32 


MA2 


5 


CA1 


19 


RA7 


33 


MAI 


6 


RA2 


20 


CA7 


34 


VCC 


7 


CA2 


21 


RA8 


35 


MAO 


8 


RA8 


22 


CA8 


36 


CAS1 


9 


CA3 


23 


GND 


37 


CASO 


10 


MODEO/RESET 


24 


WE 


38 


RAS1 


11 


CLK 


25 


RDY 


39 


RASO 


12 


GND 


26 


MA8 


40 


M0DE1/RFRQ 


13 


RA4 


27 


MA7 


41 


R/W 


14 


CA4 


28 


MAS 


42 


AS 










43 


BS 


44 


CS 
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DESCRIPTION 



ADVANCE 
INFORMATION 



The Fujitsu MB1430 Dynamic RAM (DRAM) Controller is a high-performance device that provides all control functions required to 
implement and supervise a multiple-DRAM memory. Major functions include multiplexed address control, memory refresh, and 
refresh arbitration. The MB1430 is designed to operate with systems based on the MBL8086, MBL80186, and the MBL80286 (5, 8, 
and 10 MHz) or the 68000 (8 and 12.5 MHz) microprocesors. Interface connections for 64K, 256K, and 1-megabit DRAMs are simple 
and straightforward. For optimum flexibility and to provide a high order of efficiency, the MB1430 supports all useful modes of 
operation; these include read-mod if y-write, nibble, fast page, and CAS-controlled byte operations. The MB1430 is fabricated using 
a low-power Schottky TTL process and the device is housed in a 48-pin plastic DIP 



FEATURES 

• Full-featured control for 64K-, 256K-, and 
1-megabit DRAMs. 

• Direct add ress-and-d rive capabilities for up to 
44 DRAM devices. 

• CAS-before-RAS refresh. 

• Internal/external refresh capability. 

• Supports multiple operating modes. 



• Easy interface to MBL8086, MBL80186, 
MBL80286 and 68000 micro processor- based 
systems. 

• TTL-compatible I/O. 

• Low power consumption (typically 425 mW). 

• Single +5V supply. 



PIN CONFIGURATION 



BLOCK DIAGRAM 



RAO 
CAO 
RAl 
CAl 
RA2 
CA2 
RA3 
CA3 
RA4 
MODEO/RESET 
CLK 
GND 
AS 
CA4 
RA5 
CAS 
RA6 
CA6 
RA7 
CA7 
RA8 
CAS 
RA9 
CA9 



1 


48 


2 


47 


3 


46 


4 


45 


5 


44 


6 


43 


7 


42 


8 


41 


9 


40 


10 


39 


11 


38 


12 


37 


13 


36 


14 


35 


15 


34 


16 


33 


17 


32 


18 


31 


19 


30 


20 


29 


21 


28 


22 


27 


23 


26 


24 


25 



R/W 

FPC 

MODE l/RFRQ 

RASP 

RASl 

CASO 

CASl 

MAO 

MAI 

MA2 

MA3 

GND 

VCC 

MA4 

MA5 

MA6 

MA7 

MA8 

MA9 

RDY 

WE 

BACl 

BACO 

BS 































ADDRESS 
MULTIPLEXER 


^^ MAO to MAS 


CAO to CA9 
RAO to RA9 












REFRESH 

TIMING 

GENERATOR 


ARBITER 










' 








, 


' \ 






























TIMING 
GENERATOR 












1 










► RASO 






















► CASl 


BACl 






* wc 












► RDY 




, 


1^ 















This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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May 1981 



FUJITSU MB 1412A EIGHT-BIT SLICE ECC LSI 

The MB 1412A is an 8-bit slice Error Checking and Correction (ECC) monolithic 
integrated circuit fabricated in a low-power Schottky TTL process. The device 
is utilized in memory system designs, and is suitable for constructing 2-byte, 
4-byte, or 8-byte ECC circuitry. The MB 141 2A will detect and correct single- 
bit errors, and detect double-bit errors utilizing a built-in modified Hamming 
single-error-correction, double-error-detection (SEC-DED) code. A 64-pin 
square package with 100 mil pin spacing is utilized for the MB 141 2A to pro- 
vide high board packing density. 



• 8-bit slice ECC function in one LSI. 

• 100% single-bit error detection/correction and double-bit error detection. 

• Simplified circuit design for 2, 4, or 8-byte memory systems. 4/8-byte sys- 
tem requires only 4/8 ECC circuits and 4/8 TTL SSI devices. 

• Uses built-in modified Hamming SEC-DED Code. 

• 4/8-byte data word requires only 7/8 check bits for full SEC-DED operation. 

• High speed: 31/47 nsec. typical for 4/8-byte detect system, 40/56 nsec, for 
4/8-byte correct. 

• Low-power dissipation: 1.6 watts maximum. For 8-byte system, 8.7 watts 
typical system power including peripheral circuitry. 

• Low-power Schottky TTL process; single +5 volt supply. 

• Space-saving 64-pin square-pack with 100 mil pin spacing. 




CERAMIC PACKAGE 
PGA-64C-M01 



ABSOLUTE MAXIMUM RATING 



Parameter | Symbol 


Rating 


Unit 


Power Supply i . , 
Voltage ^^C 


7 


V 


i Input Voltage V| 


-0.5~+5.5 


V 


i Temperature j 

1 Under Operation ! oP 


-25—^85 


°c 


1 Temperature 
! Under Storage 


Ts,g 


-65~+150 


°c 



Small geometry bipolar integrated circuits are 
occasionally susceptible to damage from static 
voltages or electric fields. It is therefore advised 
that normal precautions be taken to avoid appli- 
cation of any voltage higher than maximum 
rated voltates to this device. 



NOTE: Permanent device damage may occur if ABSO- 
LUTE MAXIMUM RATINGS are exceeded. 
Functional operation should be restricted to the 
conditions as detailed in the operational sec- 
tions of this data sheet. Exposure to absolute 
maximum rating conditions for extended peri- 
ods may affect device reliability. 
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Fig. 1 MB 1412A BLOCK DIAGRAM 
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FUNCTIONS OF BLOCK ELEMENTS 

RD (Read Data Buffer) 

Input buffer gate for memory read data. 
SG (Syndrome Generator) 

Generates syndrome for the data to be checked in the 

read data buffer. 
WD (Write Data Buffer) 

Input buffer gate for memory write data. 
DS (Data Selector) 

Selects RD or WD depending on the mode ("0" or "1") 

of the STBC input. 
CG (Check-Bit Generator) 

Generates check-bits for memory data being checked. 



S (Syndrome Input Buffer) 

Input buffer gate for synthesized syndrome input data. 
SD (Syndrome Decoder/Locater) 

Locates a data bit for correction and indicates when a 

one-bit error is detected. 
DC (Data Corrector) 

Corrects the data bit indicated as an error by the syn- 
drome decoder. 
CC (Check-bit Corrector) 

Corrects one check-bit by reversing depending on the 

mode of RVCand "S. 



INPUT/OUTPUT PINS 

Input Pins: 

RD0-RD7 (Read Data) 

Memory data inputs. READ data operation is dictated 
when STBC is "0" (low). 

WD0-WD7 (Write Data) 

WRITE data inputs. WRITE data operation is dictated 
when STBC is "1" (high). 

SI0-SI5 (Syndrome Input) 

Syndrome code inputs to read the synthesized syndrome 
from the previous ECC LSI (SO output) in a cascaded 
multi-byte ECC system configuration. The syndrome in- 
puts for the first ECC LSI in the system read memory 
check-bit data previously generated. 

CI0-CI5 (Check-Bit Input) 

Reads check-bits into the internal Check-Bit generator 
in a cascaded ECC system. 



STBC (Store Byte Control) 

Set "b" (low) to read RD inputs; set "1" (high) to read 

WD inputs. 

SO— S5 (Synthesized Syndrome Input) 

Reads the synthesized syndrome code output from the 
last ECC LSI (SO outputs) ijT_a cascaded multi-byte ECC 
system configuration. SO— S5 must correspond to the 
order of the SO0-SO5 outputs on the same ECC LSI to 
accomplish syndrome decoding (see ECC system exam- 
ples). In the event of a single data bit error (during 
memory READ), the syndrome decoder (SD) decodes 
SO— S5to locate the error bit to be corrected. The binary 
location of the error bit is read from SO— S2 (e.g., SO = 
0, ST = 1, S2 = is binary 010 or decimal "2" which 
corresponds to input data bit "2"). 
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S6 (Synthesized Syndrome Input #6) 

Reads a synthesized syndrome bit output from a cascaded 
multi-byte ECC system configuration. A "0" input in- 
dicates that no bit error is detected within the read 
memory byte for the ECC IC, and forces the RE1 and 
RVC outputs high (1). A "1" input indicates that a 1-bit 
error is detected within the read memory byte. 

RVC02 (Reverse Check-Bit #02) 

A "0" (low) input indicates no error detected. A "1" 
(high) indicates an error is detected within the input 
memory data byte, and corrects the first three check 
bits (see Fig. 13, C0-C2). A "0" on syndrome data SO, 
ST, or S2 dictates correction of CO, CI, or C2 respectively. 

RVC36 (Reverse Check-Bit #36) 

A "0" (low) input indicates no correction to check-bit 
C3. A "1" (high) input performs correction of check- 
bit C3. 



Output Pins: 

SO0-SO5 (Syndrome Output) 

Synthesized syndrome output code, normally connected 
to Syndrome Input (SI) in the next sequential ECC IC in 
a cascaded multi-byte ECC configuration. Syndromes are 
effective for the system at the output of the last ECC 
LSI in sequence. 

CO0-CO5 (Check-Bit Output) 

Check-bit output code, normally connected to Check- 
Bit Input (CI) in the next sequential ECC LSI in a cas- 
caded multi-byte ECC configuration. Check-bits are ef- 
fective for the system at the output of the last ECC LSI 
in sequence. 

RE1 (Read Error One) 

A "0" (low) indicates that a one-bit error has occurred 
in fetched data or check bits. 

RVC (Reverse Check-Bit) 

A "0" (low) indicates that an error in check-bit must be 
corrected. 

D0-D7 (Data Output) 
Corrected data output. 



Fig. 3 PIN ASSIGNMENT TABLE 



Fig. 2 PIN ASSIGNMENT OF PACKAGE 
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PIN 
NO. 


I/O 


NAME 


PIN 
NO. 


I/O 


NAME 


1 




RVC02 


33 





D7 


2 





COO 


34 





D5 


3 




CI1 


35 





D3 


4 


1 


CI2 


36 





D1 


5 





C02 


37 





DO 


6 




RVC36 


38 


1 


CIO 


7 




CI3 


39 





C01 


8 




CI4 


40 


— 


GND 


9 




CI5 


41 





C03 


10 




WD1 


42 





C04 


11 




WD3 


43 





C05 


12 




WD4 


44 


1 


WDO 


13 




WD6 


45 


1 


WD2 


14 




WD7 


46 


1 


WD5 


15 




STBC 


47 


— 


VCC 


16 




RD1 


48 


1 


RDO 


17 




RD3 


49 


1 


RD2 


18 




RD5 


50 


1 


RD4 


19 


' 


RD7 


51 


1 


RD6 


20 





SOO 


52 


1 


SIO 


21 




SI1 


53 
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22 




SI2 


54 


— 


GND 


23 





S02 


55 


1 


SI3 


24 
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56 


1 


SI4 


25 





S04 


57 


1 


SI5 


26 





SOB 


58 


1 


SI 


27 


1 


SO 


59 


1 


S3 


28 


1 


S2 


60 


1 


S6 


29 


1 


S4 


61 


— 


VCC 


30 


1 


S5 


62 





D6 


31 





RE1 
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D4 


32 





RVC 


64 





D2 
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RECOMMENDED OPERATING 


CONDITIONS 


Parameter 


Symbol 


Value 


Top 


Power Supply Voltage 


Vcc 


5.0V ±5% 


0°C - 70°C 



DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 







Symbol 


Limits 


Unit 


Conditions 


raicinieiei 


Min 


Typ 


Max 


Output Low Level 


Vol 






0.5 


V 


Vcc=4.75V, V,L=0.8V 
V,H=2.0V, loL=20mA 


Output High Level 


VOH 


2.7 






V 


Vcc=4.75V, V|L=0.8V 
V,H=2.0V, loH^lmA 


Input 

Low 

Current 


RDn, WDn, Sn, RVC02, RVC36 


i|L1 






1.6 


mA 




STBC 


I.L2 






3.2 


mA 


Vcc=5.25V, V,L=0.5V 


Sin. CIn 


l|L3 






4.8 


mA 


Input 

High 

Current 


RDn, WDn, Sn, RVC02, RVC36 


l|H1 






20 


mA 


Vcc=5.25V, V,H=2.7V 


STBC 


'|H2 






40 


mA 


Sin, CIn 


hH3 






60 


iuA 


Input High Current 


liH 






1 


mA 


Vcc=5.25V, V,H=5.5V 


Output Short Current 


los 


30 




120 


mA 


Vcc=5.25V, Vo=0.5V 


Power Supply Current 


•cc 




190 


300 


mA 


Vcc=5.25V 


Input Clamp Voltage 


v.c 






1.2 


V 


Vcc=4.75V, l,L=18mA 



AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 



Parameter 


Symbol 


Limits 


Unit 


Min 


Typ 


Max 


(RD1 -RD7)to(SO0-SO2) * 
{RD0'-RD7)toSO3, S04 
RD0toSO5 

(RD0-RD7)to(CO0-CO5) 
{RD0~RD7)to(D0-'D7) 


tpdl 
tpd2 
tpd4 
tpd3 

tpd4 




14 


19 
2B 
17 
36 
18 


ns 
ns 
ns 
ns 
ns 


(SI0-'SI5)to(SO0-'SO5)* 
(CI0~CI5)to(CO0'-CO5)* 


Vd6 




4 
4 


9 
9 


ns 
ns 


(WDO -- WD7) to (COO -- COB) * 
(WD0~WD7)to(D0-'D7) 


tpd7 
tpdS 




2B 


36 
18 


ns 
ns 


(SO - S6) to (COO - COB) 
(S0-S6)to(D0~D7) * 
(§0-'S6)toRE1 
(SO - S6) to RVC 


tpd9 
tpdlO 
tpdil 
tpd12 




14 


22 
19 
22 
21 


ns 
ns 
ns 
ns 


RVC02to(CO0-'CO3) 
RVC36 to (COO - COS) 


tpd13 
Vd14 






18 
17 


ns 
ns 


STBC to (COO - COB) 
STBC to (DO -07) 
STBC to RVC 


tpd15 
tpd16 
tpd17 






36 
22 

18 


ns 
ns 
ns 



' Note: Critical path on a chip 
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Fig. 4 DELAY TIME MEASUREMENT CIRCUIT 

INPUT Q Q OUTPUT 
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Fig. 5 INPUT SIGNAL/OUTPUT SIGNAL TIMING 




OUTPUT 





tpd 



V,L = OV 
V,H = 3.0V 
tr = tf = 2.5 ns 
PRR = 1MHz 
Vref. = 1.3 V 



• Vref. 



CRITICAL PATH TIMING 

Critical timing paths for the MB 141 2A are shown under AC 
Characteristics as indicated by the notation "Critical Path 
on Chip". In a typical, multi-chip ECC system application, 
system delay time would be measured from the RD input 
to the D output for processing of the complete data input. 
The equation is as follows, where C is the number of bytes 
in the data input: 



tpd (RDn -Dn) = tpd (RDn - SOO) + (C -JJ^x 

tpd (SIO - SOO) + tpd (Sm - Dn) 

For a 4-byte system (see Figure 6), delay time from READ 
data (RD) to corrected data (D) is 40 nsec typical: 
tpd (RD - D)4 = 14ns + ( 3 x 4 ns) + 14 ns = 40 nsec. 



Fig. 6 CRITICAL PATH TIMING (Data Correction) 
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THEORY AND APPLICATION OF ECC 

In most any data processing system, binary bit errors are 
going to occur when blocks of data are moved from one 
location to another. As such errors are not uncommon and 
can lead to entirely bogus or meaningless results in routine 
programs, it has become requisite design discipline to in- 
clude ECC (Error Checking and Correction) Circuitry in 
main memory control logic. The MB 141 2A accomplishes 
this in a highly integrated form which allows ECC imple- 
mentation with a minimal package count. 
The MB 1412A will correct one-bit errors in every input 
data word, and flag the occurence of two-bit errors. One-bit 
error correction is considered adequate, as the probability 
of more than a one-bit error is quite low. As an example, 
consider a data word of 5-bits with the error possibility of 
.0001 (one in ten-thousand) per bit. The chances of an error 
occuring in a data word are: 

no error Pq = (1 - P)^ =0.9995 

one error P, = 5 C, • P (1 - P)'* = 0.0005 

two errors P2 = sCj-P^ (1 - P)^ =0.00000025 
Thus, one-bit detection and correction and two-bit detec- 
tion only should provide adequate insurance, and satisfac- 
tory system performance. When a two-bit error occurs, of 
course, the program must be interrupted to prevent mis- 
calculation. 

In order to detect data bit errors, memory check-bits must 
be stored with the data words. For 1-bit error detection of 
a word of n-bits, assume the number of check-bits required 
is Cp. The number of possible bit combinations for no error 
is therefore 1 (all bits, both data bits and check-bits cor- 
rect); and the number of possible bit combinations for a 
1-bit error is: n + Cn- 

The number of combinations made by check-bits is 2^". 
To detect 1-bit errors a hundred percent, the following 
must be satisfied: 

^ + {n + Cn) <2Cn. 
This means, for example, that a 1-bit error in 16-bits of data 
can be detected by five additional check-bits. Following the 
same calculation, 1-bit errors in 32-bit data words require 6 
check -bits, and 64-bit data words require 7 check bits. To 
detect 2-bit errors, one additional bit is required; e.g., 6 
check-bits for a 16-bit word. 

The MB 1412A is designed for use in a memory system con- 
figuration of either 2-bytes (16 data bits), 4-bytes (32 data 
bits), or 8-bytes (64 data bits). Simple external gating, as 
shown in Figures 7 and 8, is required in the error indication 
and reverse check-bit circuitry. 

When data is first written into memory, the ECC system 
does not correct or detect errors. But it does generate the 
necessary check-bits (as a function of the number of bytes 
of data in the memory system configuration) which are 
stored in memory along with the data bits. The check-bit 
code conforms to the ECC system output of the modified 
Hamming code check-bit generator as shown in Figure 9. 
The check-bit generator takes the parity of all the data bits 
marked by an X in the rows of the input data bits. 



When memory is read, both data bits and check-bits form 
inputs into the ECC system. Data bits are entered in parallel, 
one byte per ECC IC in the ECC system. The check-bits are 
entered into the first ECC IC in the chain, and additional 
ECC IC's as shown in the example in Figure 15. 
These fetched check-bits are exclusive-ORed with newly 
generated check-bits created from the data input in order to 
generate a syndrome code for the fetched data as shown in 
Figure 9. From the syndrome code, the ECC system can 
determine if there is an error in the input data bits, as 
follows: 

• If the syndrome code is all "0", there is no error. 

• If one syndrome bit is "1", the corresponding check-bit 
is in error. As a result, RE1 will go to "0" and RVC will 
go to "1" so that no correction will be made in the data 
bits. 

• If more than one syndrome bit is "1", and the parity of 
all syndrome bits is even, a multiple error has occurred. 
No correction is made, and the program should be 
interrupted. 

• If more than one syndrome bit is "1", and the parity of 
all syndrome bits is odd, a single error has occurred in 
the data bits. The binary location of the error in the 
input data bits can be determined by decoding of the 
syndrome code as shown in Figure 10. 

In the event of multiple errors, no data correction is made; 
rather the event is flagged and system software should be 
interrupted. As a two-bit error without ECC would normally 
result in program execution errors, program interruption is 
presumed to be the only satisfactory outcome of the mul- 
tiple error detection event. 

When one error is detected in the fetched check-bits, the 
ECC system, in effect, generates a new set of check-bits 
(and "ignores" the fetched check-bits) with respect to pro- 
cessing the input data bits. 

WRITE Mode: 

A "1" input on STBC initiates the WRITE mode operation 
and tells the Data Selector (DS) to read data from the Write 
Data (WD) buffer (WD0-WD7 inputs). The RVC" (Reverse 
Check Bit) and RE1 (Read Error One) outputs of the Syn- 
drome Decoder/Locator (SD) go high so that no error in- 
dication for the data is possible. Further, the function of 
the Check-bit Corrector (CO is inhibited by feedback of 
the RVC signal (high state) to the RVC02 and RVC3 6 in- 
puts. Data correction can not occur because the RVC out- 
put is high. 

The Check-bit Generator (CG) will generate check-bit data 
from the WRITE data transferred from the Data Selector 
(DS) and output it on CO0-CO5 in accordance with the 
logic table shown in Figure 9. At the same time, the Data 
Corrector (DC) will transfer the WRITE data onto outputs 
D0-D7. Thus the WRITE data on D0-D7 can be stored in 
main memory along with the appropriate output check-bits 
corresponding to the data bits input into the ECC system. 
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READ Mode: 

A "0" input on STBC indicates the READ mode operation 
and tells the Data Selector (DS) to transfer read data from 
inputs RD0-RD7 through the Read Data (RD) buffer to 
the Data Corrector (DC) and Check-bit Generator (CG). The 
Syndrome Generator (SG) will generate check-bits from the 
same data inputs and XOR (exclusive-OR) them with the 
data on SI0-SI5 (Syndrome Inputs). XORed data becomes 
the output on SO0-SO5 (Syndrome Output) according to 
the logic table shown in Figure 9. At the same time, the 
Check-bit Generator (CG) will generate check-bits from the 
input read data and will accept check-bit correction if the 
data from memory contains an error. Note that by perform- 
ing syndrome generation and check-bit correction simulta- 
neously, high speed operation is maintained. 
A "0" on STBC also gates the Syndrome Decoder/Locator 
(SD) to decode syndrome input s on S0-S6. When syn- 
dro me da ta is not all "0", both RVC (Reverse Check-Bit) 
and RE1 (Read Error-One) go "0" (low) to indicate error 
detection. Logic tables are shown in Figure 10. The error 
bit position is indicated to the Data Corrector (DC), and 
the d ata output at D0-D7 is corrected. 
RVC is fedback to th e RV C02 and RVC36 inputs. So when 
an error is detected (RVC = low), the input syndrome data 
from the Syndrome Buffer (S) is gated into the Check-bit 
Corrector (CC). The check-bits are corrected in accordance 
with the logic table shown in Figure 9. 



Fig. 7 ERROR INDICATION CIRCUIT 
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Fig. 8 REVERSE CHECK-BIT CIRCUIT 
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(n: Byte size-1) 



Fig. 9 LOGICAL DESCRIPTION OF SYNDROME GENERATION/DECODING AND CHECK-BIT GENERATION 
Table 1 Syndrome Generation (See Note *) 
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Table 2 Check-Bit Generation (See Note *) 
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Fig. 10 SYNDROME DECODING 
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EXAMPLE OF A 2-BYTE SYSTEM 

Figure 1 1 is a block diagram of a 2-byte ECC system con- 
figuration, including the external gate requirements. Two 
MB 141 2As are connected so that the bits indicated by an 
X in the Hamming code shown in Figure 12 are exciusive- 
ORed in the Check-Bit Generator. In the example, the 16- 
bit input data word is 00011100 01011101, and the check- 
bits generated in WRITE mode are 101000. 



In the READ mode shown in Figure 13, we assume that bit 
10 has been inverted (error). The data bits are gated to the 
exclusive-OR tree to regenerate check-bits (now 110001) 
which are exclusive-ORed with the original check-bits 
(101000). The syndrome bits (011001) are then decoded as 
shown which indicates an error on bit 10 of the input data. 
This is corrected by inverting (change "1" to "0"). 



Fig. 11 TWO-BYTE ERROR CHECKING AND CORRECTION SYSTEM 



READ DATA 1 



READ 
CHECK 
BIT 



RCO- 
RCI- 
RC2- 
RC3- 
RC4- 
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H- 
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DIT ^ ~ 
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► RE10 
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RVC02 - 
RVC36 - 
STBCI - 



si- 

S5- 
S2- 
S3- 




7Z> 



{J 



► so 

►SI 

► S4 

► S5 

► S2 

► S3 



►CO 
-C1 
►04 



► REIT 
► RVCI 



CORRECTED DATA 



^±0- 



•►ERROR DETECT 

MULTIPLE ERROR RVC02 

SINGLE ERROR 



74S00 7481 1 7„_- 
RVC02^:— 4__/— J^J> ► c 

mo 1 



C02- 

(The Last Chip) 



Note: When ECC system is used in "Partial Write Mode", C2 must 
be connected to the C02 input of the external reverse check 
bit circuit. 
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Fig. 12 WRITE OPERATION IN 2-BYTE ECC SYSTEM 



(Write Data from CPU) 
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(Write Data to MS) 



Fig. 13 READ OPERATION IN 2-BYTE ECOSYSTEM 



(Read Data from MS) 



Syndrome Generator 
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Syndrome 
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(Corrected Data) 




SO SI S2 S3 S4 S5 
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ERROR 
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11 
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14 
15 



All remaining bit combinations 
are multiple error. 
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EXAMPLE OF A 4-BYTE SYSTEM 

In a4-Byte ECC system, four MB 1412A LSIs are connected 
in a cascaded manner as shown in Figure 14. The Hamming 
code depicted in Figure 15 is realized from the interconnec- 
tion of the LSIs as shown. Data bits marked with an X in 
Figure 15 are gated to an exclusive-OR tree to generate 



check-bits. The WRITE mode is diagrammed in Figure 16, 
and READ mode is shown in Figure 17. Figure 18 diagrams 
a Partial WRITE operation on the 1st and 2nd bytes, with 
READ mode on the 3rd and 4th. 



Fig. 14 FOUR-BYTE ERROR CHECKING AND CORRECTION SYSTEM 



READ DATA 12 3 



RCO - 
RCI - 
RC2 - 
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Fig. 15 FOUR-BYTE ECC CODE TABLE 



Data Bits 



Ol 2 3 4 5 6 7 18 9 10 11 12 13 14 15|16 17 18 19 20 21 22 23 



XXX 

XX XX 

X X X X 



X X X X 
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XXX 
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X X X X 

XX XX 

X X X X 

X X X X X 

X 
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V V 
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S6 
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Fig. 16 WRITE OPERATION (4-BYTE) 



Write Data 
31 
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Read Data Check-Bit 
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<Z 



Correction 



C0~C6 D0~D31 

Check-Bit Write Data 



Memory 



M 



Syndrome 
Generator 



No correction is done on any byte data. 



n 



Fig. 17 READ OPERATION (4-BYTE) 



Memory 
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31 
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Read Data Check-Bit 
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Generator 



iz. 
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M 



Syndrome 
Generator 
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C0~C6 D0~31 

Corrected corrected Data 
Check-Bit 
One bit error in Read Data can be corrected. 



D 



Fig. 18 PARTIAL WRITE OPERATION (4-BYTE) 



Write Data 
31 



1 



Read Data Check-Bit 

31 6 



Write 1st 
and 2nd 
bytes. 



Read 3rd and 



M 



STBCO/1 ="1" 
STBC2/3 = "0" 



4th bytes. 



i£ 



Check-bit 
Generator 



Check-Bit 



M 



Syndrome 
Generator 



Data 



3Z 



SiJ~S5 



TT 



n 



C0~C6 D0~D31 

Corrected Cc-'-ert'^d D'»*'> 
Check-Bit 

I.When one bit error is detected on 3rd and 4th byte data. Data 
and Check-bit can be corrected. (READ Data) 

2. No correction is done on 1st and 2nd byte Data. (WRITE Data) 

3. One bit error on check-bit need not be corrected. 
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EXAMPLE OF AN 8-BYTE SYSTEM 

In a 8-ByteECC system, eight MB 141 2A LSIsare connected 
in a cascaded manner as shown in Figure 20. The Hamming 
code depicted in Figure 19 is realized from the interconnec- 
tion of the LSIs as shown. Data bits marked with an X in 
Figure 19 are gated to an exclusive-OR tree to generate 
check-bits. 



Fig. 19 


EIGHT-BYTE ECC CODE TABLE 
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Fig. 20 EIGHT-BYTE ERROR CHECKING AND CORRECTION SYSTEM 




WRITE DATA 
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PACKAGE DIMENSIONS 



64-LEAD CERAMIC (RESIN SEAL WITH METAL CAP) REPEATED QUAD IN-LINE PACKAGE 

(CASE No.: PGA-64C-M01) 



.016(0.4i; 



INDEX AREA 
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1.100(2 


^ 






" 


1.070(27.18) 






1.100(27.94) 







.260(6.60) 



.020(0.51) 



DIA 



.060(1.52) 



.900(22.86) 
REF 



a 



CTo 



o o o o o 



.090(2.29) 
.110(2.79) 



.020(0.51) 



.120(3.05) 



Dimensions in 
inches (millimeters) 
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16 BIT ERROR 
CHECKING & 
CORRECTION 



MB1426 



April. 1986 
Edition 1.0 



DESCRIPTION 

The MB1426 Error Checking and Correction (ECC) device is designed to 
enhance memory reliability in 16-bit systems. Using a modified Hamming Single- 
Error-Correction/Double-Error-Detection (SEC/DED) code, the ECC can find 
and correct all single-bit errors and detect all double-bit errors. The MB1426 is a 
TTL device fabricated in low-power Schottky and is housed in a 64-pin 
Pin-Grid-Array (PGA) package. 

FEATURES 

• Detects and corrects all single-bit errors 

• Detects all double-bit errors 

• On-chip latches for memory-read, check-bit, and syndrome 
data 

• Separate busses for CPU and memory data 

• Direct read/write by ECC-through mode 

• Low power Schottky TTL for high performance 

• Single +5V supply 




This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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PIN ASSIGNMENTS 
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O 
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O 
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O 
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7 


O 

8 


O 

9 


o 
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No. 


I/O 


Name 


No. 


I/O 


Name 


No. 


I/O 


Name 


No. 


I/O 


Name 


01 


B 


CD08 


17 


B 


CB1 


33 


1 




49 


B 


CB4 


PWCO 


02 


1 




18 


B 


CB2 


34 


B 


CD14 


50 


B 


CB5 


PWC1 


03 


B 


CD07 


19 


B 


MD01 


35 


B 


CD12 


51 


B 


MDOO 


04 


8 


CD05 


20 


B 


MD03 


36 


B 


CD10 


52 


B 


MD02 


05 


B 


CD04 


21 


B 


MD04 


37 


B 


CD09 


53 


B 


MD05 


06 


B 


CD03 


22 


B 


MD06 


38 


1 




54 




GND 


ECCTH 


07 


B 


CD01 


23 


B 


MD07 


39 


B 


CD06 


55 


B 


MD09 


08 





ERR 


24 


B 


MD08 


40 




GND 


56 


B 


MD11 


09 


O 




25 


B 


MD10 


41 


B 


CD02 


57 


B 


MD13 


MERR 


10 


T 


STCBO 


26 


B 


MD12 


42 


B 


CDOO 


58 


B 


MD15 


11 


T 


STCB1 


27 


B 


MD14 


43 


1 


ERREN 


59 


1 


ROLK 


12 


T 


STCB2 


28 


1 




44 


1 


EN 


60 







BSCNT 


PERR 


13 


T 


STCB3 


29 


B 


PI 


45 


1 


SLE 


61 




VCC 


14 


T 


STCB4 


30 


O 


PERR1 


46 


1 


RST 


62 


B 


CD15 


15 


T 


STCB5 


31 


B 


PO 


47 




VCC 


63 


B 


CD13 


16 


B 


CBO 


32 


O 




48 


B 


CB3 


64 


B 


CD11 


PERRO 



B: Bidirectional 
I: Input pin 
O: Output pin 



pin 
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PIN DESCRIPTIONS 



Pin No. 


Designator 


Function 


33 
2 




Partial Write Control/Read Write Control: 

These pins are used to control read write and they are also used to control the partial write. 


PWCO 
PWC1 


If both PWCO and PWC1 = "H" the read operation is selected. 


If both PWCO and PWC1 = "L" the word write operation is selected. 


In the partial write mode, if PWCO = "L" and PWC1 = "H", the lower byte (MDO to MD7) is written 
CPU data and the upper byte {MD8 to I\/ID15) is written memory data which is latched during 
previous read operation. On the other hand, if PWCO = "H" and PWC1 = "L" the lower byte is 
written memory data and the upper byte is written CPU data. 


59 


RCLK 


Read Data Latch Clock: 

This pin is used to strobe the read data from memory and latch into the internal read data latch. 
The rising edge of RCLK strobes read data from MD00/MD15 and check bits from CB0/CB5. 

In the read cycle, data is strobed on the rising of RCLK. 


45 


SLE 


Syndrome Latch Enable: 

This pin is used to latch syndrome bits into the internal syndrome latch. The falling edge of SLE 
strobes and latches the syndrome bits until RST = "L". 


46 


RST 


Syndrome Latch Reset: 

This pin is used to reset syndrome latch. If RST = "L", the syndrome latch is reset and the latch is 
enabled to accept next string of syndrome bits. 


43 




Error Enable: 


ERREN 


This pin is used to enable ERR and MERR outputs. 


If ERREN = "L", ERR and MERR are set "H" and disabled. 


44 


EN 


Syndrome Output Enable: 

This pin is used to enable syndrome outputs (STCBO and STCB5). 

If EN = "L", STCB0/STCB5 are enabled. If EN = "H", STCB0/STCB5 are disabled and in the high- 
impedance state. 


38 




ECC Through: 

This pin is used to enable the ECC-through mode. 


ECCTH 


If ECCTH = "L", ECC-through mode is enabled and the read or write cycle is executed without 
regard to the ECC function. 


When ECC is utilized, the ECCTH pin must be "H". 


28 




Bus Control: 

This pin is used to control the operating mode of data pins CD00/CD15 and MD00/MD15, also to 
disable PERRO, PERR1 and PERR. 


BSCNT 


If BSCNT = "L" all data pins are in the input mode and PERRO, PERR1 and PERR are disabled 
(set-H"). 


If BSCNT = "H", the operating mode of these data pins is controlled by the states of PWCO, and 
PWC1, and PERRO, PERR1 and PERR are enabled corresponding the the state of PWCO and 
PWC1. 


42 
7 

41 
6 


CDOO 
CD01 
CD02 
CD03 


CPU Data: 

These pins have a common I/O capability and are connected to the CPU data bus. 

In the write cycle, these pins are in the input mode, that is, the CPU data is input to these pins and 
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PIN DESCRIPTIONS (continued) 



Pin No. 


Designator 


Function 


5 

4 

39 

3 

1 

37 

36 

64 

35 

63 

34 

62 


CD04 
CD05 
CD06 
CD07 
CD08 
CD09 
CD10 
CD11 
CD12 
CD13 
CD14 
CD15 


output to memory through MD00/MD15. 

!n a read cycle, these pins are in the output mode, that is, memory data from MD00/MD15 is 
output to the CPU via these pins. 


51 
19 
52 
20 
21 
53 
22 
23 
24 
55 
25 
56 
16 
57 
27 
58 


MDOO 
MD01 
MD02 
MD03 
MD04 
MD05 
MD06 
MD07 
MD08 
MD09 
MD10 
MD11 
MD12 
MD13 
MD14 
MD15 


Memory Data: 

These pins have a common I/O capability and they are connected to the memory data bus. 

In a write cycle, these pins are in the output mode, that is, CPU data from CD00/CD15 is output to 
memory through these pins. 

In a read cycle, these pins are in the input mode, that is, memory data is input to these pins and 
output through CD00/CD15. 


31 
29 


PO 
PI 


Parity Bit: 

These pins have a common I/O capability and PO and PI correspond, respectively, to the lower 
byte and the upper byte. The parity bit from the CPU should be odd parity. 


16 
17 
18 
48 
49 
50 


CBO 
CB1 
CB2 
CBS 
CB4 
CB5 


Check Bit: 

These pins have a common I/O capability and are connected to the check bit memory I/O line. 
In a write cycle, check bit data is generated by the check bit generator using CPU data; the 
check-bit pattern is output to check bit memory, that is, during a write cycle, these pins operate in 
the output mode. 

In a read cycle, the check-bit pattern from memory is input to these pins, that is, during a read 
cycle, these pins operate in the input mode. 


10 
11 
12 
13 
14 
15 


STCBO 
STCB1 
STCB2 
STCB3 
STCB4 
STCB5 


Syndrome-Through Check Bit: 

These pins output the syndrome bits when read or partial write is selected. These outputs are 
used to analyze an error bit in the data word (CD00/CD15) and in the check bits (CB0/CB5). 

In the ECC-through mode, these pins output the check bits from memory. 


8 


ERR 


Error: 

This pin outputs the error flag when any single- or multiple-bit error is detected. 
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PIN DESCRIPTIONS (continued) 



Pin No. 


Designator 


Function 


9 


MERR 


Multiple Error: 

This pin outputs the multiple error flag when a multiple-bit error is detected. 


32 
30 
60 




Parity Error: 


PERRO 
PERR1 
PERR 


These pins output a parity error flag when parity error occurs on CPU data. If PERRO = "L", a 


parity error on CD00/CD07 and PO occurs. If PERR1 = "L", a parity error on CD8/CD15 and PI 
occurs. PERR = PERRO • PERR1. 



BLOCK DIAGRAM 




DS : Data Selector ED : Error Detector CSB: Control Signal Buffer PC : Parity Checker 

DC: Data Corrector SD: Syndrome Decoder CG: Check Bit Generator 

LT : Latch SG: Syndrome Generator PG: Parity Generator 
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ANALYSIS OF BLOCK DIAGRAM 

DS (Data Selector): Selects memory-read or memory-write 
data. 

DC (Data Corrector): Corrects a single-bit error by using 
syndrome decoder. 

LT (Latches): Latches memory-read, check-bit, and syndrome 
data. 

ED (Error Detector): Detects single-bit or double-bit errors of 
memory-read data (MD00/MD15 and CB0/CB5). Single-bit or 
double-bit errors are determined, respectively, by the states of 
ERR and MERR. 

SG (Syndrome Generator): Generates a syndrome-bit pattern 
to check memory-read data. 

SD (Syndrome Decoder): Decodes syndrome-bit pattern of 
Syndrome Generator. When a single-bit error is detected, 
locates error bit and inverts the parity bit. 

CSB (Control Signal Buffer): Buffers all control signals. 

CG (Check Bit Generator): Generates check bit for checking 
memory-write data. 

PG (Parity Generator): Generates odd parity bit for bus data. 

PC (Parity Checker): Checks odd parity bit for bus data. 

SDS (Syndrome Data Selector): Selects syndrome data or 
memory-check bit. 

FUNCTIONAL DESCRIPTION 

The error-detecting and error-correcting capabilities of the 
MB1426 ECC provides the user with a high order of confidence 
in memory reliability. Using a modified Hamming SEC/DEO 
code, the ECC is able to detect and correct all single-bit errors 
and to detect all double-bit errors, even those containing 
consecutive strings of Os and Is. The detect/correct cycle for 
single-bit errors occurs without interrupting the CPU. Error 
flags notify the user when an error is detected. 

The MB1426 has on-chip latches for memory-read, check-bit, 
and syndrome data; latching of the memory data allows the 
user to execute a partial (byte) write. To further enhance 
transmission reliability, a parity generator and checker is 
available to the user. A brief description of the read, write, and 
partial-write capabilities are described in subsequent para- 
graphs; for a detailed analysis of operating principles, refer to 
the Functional Truth Tables. 

Read Cycle 



The read cycle is executed by setting BSCNT, PWCO, and 
PWC1 to the High state. The data and check bits from memory 
are read out and latched on the rising edge of RCLK; the 
latched data is sent to the syndrome generator and data 
corrector The syndrome bit pattern is generated and decoded 
by the syndrome decoder; the decoded results are then sent to 
the data corrector. 
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If a single-bit error is detected, the ERR flag is raised and the 
error is corrected by the data corrector; the corrected data is 
output to CD00/CD15; When a single-bit error is detected and 
SLE is driven Low, the falling edge triggers the syndrome 
latches; this latched data is output to STCB0/STCB5 when 
EN is driven Low. Because data is held in the syndrome 
latches until RST is driven Low, "RST = L" should be executed 
before the syndrome data is used to identify the error-bit 
location. 

If multiple-bit errors or a bit string (Os or 1 s) error is detected, 
both ERR and MERR flags are raised and the latched memory 
data is output to CD00/CD15. For these cases, the data 
correction cycle is not executed. 

In the read cycle, odd parity bits for bytes MD00/MD07 and 
MD08/MD15, respectively, are output to PO and P1. 

Write Cycle 

Write capabilities of the MB1426 include both word write and 
partial (byte) write; either operation can be selected by setting 
PWCO and PWC1 to the proper states— see Truth Tables that 
follow. If the CPU is capable of parity coding, the parity bits of 
PO and P1 are utilized and, in both the word and paritial-byte 
write modes, the parity bits are checked. 



The word write mode is executed by setting both PWCO and 
PWC1 to the Low state. In the word-write mode, CPU data 
from CD00/CD15 is transferred to the check-bit generator and 
to MD00/MD15. Data appearing at MD00/MD15 is output and 
written into memory. The check-bit generator uses the CPU 
data to generate the check bits and these are output to 
CB0/CB5. The CPU and check-bit data are written into 
memory during the same write cycle. 



The partial write mode is executed by setting either PWCO or 
PWCT to the Low state. If PWCO is Low and PWCT Is High, 
the partial write is performed on byte CD00/CD07; in reverse 
states, byte CD08/CD15 is affected. Before a partial write is 
executed, the memory and check-bit data must be latched by 
setting BBSCNT to the Low state; this action puts 
CD00/CD15, MD00/MD15, PO, and P1 in the input mode and 
avoids data output to the CPU and memory. 

The 8-bits of CPU data to be written to memory and the data 
to be read from memory are sent to the check-bit generator 
and to MD00/MD15; the data on MD00/MD15 is written into 
memory. Check bits are generated from 8-bits of CPU data 
and 8-bits of memory data and the check bits are then output 
to CB0/CB5. The partial write operation can be summarized 
as follows: 



Set BBSCNT Low and latch the 16-bit memory data and 6 
check bits by executing a read cycle. 



— Set either PWCO or PWC1 Low and execute a write cycle. 
(In this case, BSCNT should be High to change MDOO/ 
MD15 from the input to the output mode.) 

— Check bits are generated by 8 bits of CPU data and 8 bits of 
memory data. 
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FUNCTIONAL TRUTH TABLES 
CPU Bus/Memory Bus Control 









CDOO to 
CD07, PO 


CD08 to 
CD15, P1 


MDOOtoMDOT 


MD08 to MD15 


Function 


BSCNT 


PWCO 


PWC1 


H 


H 


H 


Output 


Output 


Input 


Input 


Read 


L 


H 


Input 


Input 


Output^ 


Output2 


Partial Write 


H 


L 


Input 


Input 


Output2 


Output! 


L 


L 


Input 


Input 


Output 


Output 


Write 


L 


X 


X 


lnp|jt 


Input 


Input 


Input 


No function 



Notes: 

1. The CPU data is written into memory. 

2. Memory data from previous read cycle is written into memory. 

Syndrome Output Control 





PWCO 


PWC1 


EN 


CBO to CBS 


STCBO to STCB5 


Function 


ECCTH 


H 


H 


H 


L 


Input 


Syndrome 


Read 


L 


H 


Output 


Syndrome 


Partial Write 


H 


L 


Output 


L 


L 


Output 




Write 


L 


X 


X 


Input 


Check Bit 


ECC-Through 


X 


X 


X 


H 




High-Z 





Hamming Code 



Checic Bit 


CPU Data 


Function 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


CBO 




X 




X 




X 




X 




X 




X 




X 




X 


Odd 


CB1 






X 


X 






X 


X 






X 


X 






X 


X 


Odd 


CB2 










X 


X 


X 


X 


X 


X 


X 




X 






X 


Even 


CBS 


X 


X 


X 


X 


X 


X 


X 


X 


X 
















Odd 


CB4 


X 


X 


X 




X 






X 










X 


X 


X 


X 


Even 


CB5 


X 
















X 


X 


X 


X 


X 


X 


X 


X 


Odd 



1 
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FUNCTIONAL TRUTH TABLES (continued) 
Check Bit Generation 



CBO = CD01 + CD03 + CD05 + CD07 + CD09 + CD11 + GDI 3 + CD15 
CB1 = CD02 + CD03 + CD06 + CD07 + CD10 + CD11 + CD14 + CD15 
CB2 - CD04 + CD05 + CD06 + CD07 + CD08 + CD09 + CD10 + GDI 2 + GD15 
GB3 = CDOO + CD01 + CD02 + CD03 + CD04 + CD05 + GD06 + GD07 + GD08 
CB4 = CDOO + CD01 + CD02 + CD04 + CD07 + GDI 2 + GDI 3 + GDI 4 + GD15 
GB5 = CDOO + GD08 + GD09 + GD10 + GD11 + GD12 + GD13 + GD14 + GD15 

Syndrome Decode 



Syndrome 
(STCB) 


Error Bit 


No 
Error 


Memory Bus Data (MD) 


Check Bit (CB) 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


10 


11 


12 


13 


14 


15 





1 


2 


3 


4 


5 








1 





1 







1 










1 





1 





1 





1 


1 




















1 








1 


1 








1 










1 


1 








1 


1 





1 

















2 














1 


1 


1 




1 


1 


1 





1 








1 








1 














3 


1 


1 


1 


1 


1 


1 


1 




1 

















Q 














1 











4 


1 


1 


1 





1 






















1 


1 


1 


1 














1 








5 


1 














1 










1 


1 


1 


1 


1 


1 


1 


1 

















1 






Error Detection and Correction 



ERR 




Message 


Detect 


Correct 


MERR 


H 


H 


No Error 


— 


— 


L 


H 


Single Bit Error 


Yes 


Yes 


L 


L 


Multiple Bit Error 


Yes 


No 



Error Flag Control 








ERREN 








ERR 
MERR 


ECCTH 


PWCO 


PWC1 





X 


X 


X 


disable 


X 





X 


X 


1 


1 








1 


1 





1 


enable 


1 





1 


1 
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Parity Error Flag Control 




















PERR 


BSCNT 


PWCO 


PWC1 


PERRO 


PERR1 


H 


H 


H 


H 


H 


H 


L 


H 


enable 


H 


enable 


H 


L 


H 


enable 


L 


L 


enable 


L 


X 


X 


H 


H 


H 



H: Disable state 

ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Rating 


Unit 


Power Supply Voltage 


Vcc 


7.0 


V 


Input Voltage 


V, 


-0.5 to 5.5 


V 


Output Voltage 


Vo 


-0.5 to 5.5 


V 


Operating Temperature 


Top 


-25 to 85 


°c 


Storage Temperature 


TSTG 


-55 to 125 


°c 



Note: 

Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 
are exceeded. Functional operation should be restricted to the conditions 
as detailed in the operational specifications of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



RECOMMENDED OPERATING CONDITIONS 


Parameter 


Symbol 


Value 


Unit 


Min 


Typ 


Max 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Output High Current 


'oh 






-3.3 


mA 


Output Low Current 


Iql 






10 


mA 


Ambient Temperature 


Ta 







70 


°C 



DC CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted.) 







Symbol 


Value 


Unit 


Conditions 


Parameter 


Min 


Typ 


Max 


Supply Current 


Ice 




240 


400 


mA 


Vcc = 5.5V 


Input Low Current 




l|L 






-200 


M 


Vcc = 5.5V. V,N = 0.5V 


Except for PWCO, 
PWCI.ECCTH 








-400 


PWCO, PWC1, 
ECCTH 


Input High Current 


'iHI 






20 


M 


Vcc - 5.5V, V,N - 2.4V 


•lH2 






100 


Vcc = 5.5V, V,N = 5.5V 


Input Clamp Voltage 


V,c 






-1.5 


V 


Vcc = 4.5V, l| = -18mA 


Output Low Voltage 


Vol 






0.5 


V 


Vcc = 4-5V, Iql = 10mA 


Output High Voltage 


VOH 


2.4 






V 


Vcc = 4.5V, loH = -3.3mA 


Output Leakage Current (High-Z) 


Iqz 


-100 




100 


M 


Vcc " 5.5V, V, = 0.5V/2.4V 


Output Short Circuit Current 


Iqs 




-60 




mA 


Vcc = 5.5V, Vq = OV 


Input Low Voltage 


V|L 






0.8 


V 




Input High Voltage 


V|H 


2.0 






V 
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AC CHARACTERISTICS (continued) 

(Recommended operating conditions and AC test conditions unless otherwise noted.) 



Parameter 


Symbol 


Value 


Unit 


Min 


Typ 


Max 


Delay Time from RCLK to CD, PO, P1 


tcKCD 




35 


57 


ns 


Delay Time from RCLK to ERR 


tcKER 




22 


37 


ns 




tcKMER 




25 


42 


ns 


Delay Time from RCLK to MERR 




^EREN 




11 


21 


ns 


Delay Time from ERREN to ERR, MERR 


MD Set Up Time referenced to RCLK 


tMDCKS 


15 






ns 


MD Hold Time referenced to RCLK 


^MDCKH 


10 






ns 


CB Set Up Time referenced to RCLK 


tcBCKS 


15 






ns 


CB Hold Time referenced to RCLK 


tCBCKH 


10 






ns 




^MDZD 




15 


26 


ns 


Disable Time of MD from PWC0/PWC1 




tcBZD 




15 


26 


ns 


Disable Time of CB from PWC0/PWC1 




tcDZE 




22 


36 


ns 


Enable Time of CD, PO, P1 from PWC0/PWC1 


Delay Time from CD to MD 


tcDMD 




16 


27 


ns 


Delay Time from CD to CB 


tcDCB 




21 


34 


ns 




tCDPEN 




22 


35 


ns 


Delay Time from CD to PERR0/PERR1 




tCDPER 




23 


38 


ns 


Delay Time from CD to PERR 




tpPEN 




12 


22 


ns 


Delay Time from P0/P1 to PERR0/PERR1 




tpPER 




14 


26 


ns 


Delay Time from P0/P1 to PERR 




tMDZE 




20 


32 


ns 


Enable Time of MD from PWC0/PWC1 




tcBZE 




20 


32 


ns 


Enable Time of CD from PWC0/PWC1 




tcDZD 




15 


26 


ns 


Disable Time of CD, PO, P1 from PWC0/PWC1 




tpWPEN 




10 


18 . 


ns 


Delay Time from PWCO/PWCI to PERRQ, PERR1 




tpWPER 




12 


22 


ns 


Delay Time from PWC0/PWC1 to PERR 




teCMDZE 




20 


35 


ns 


Enable Time of MD from BSCNT 


Delay Time from SLE to STCB 


tsLEST^ 




23 


37 


ns 


Enable Time of STCB from EN 


tsTZE^ 




15 


24 


ns 


RCLK Set Up Time referenced to SLE 


tsSL^ 


44 






ns 


Delay Time from MD to CD 


tMDCDTH^ 




21 


34 


ns 


Delay Time from MD to PO, P1 


^MOPTH^ 




28 


48 


ns 


Delay Time from CB to STCB 


tCBSTTH^ 




18 


30 


ns 




tCKS^ 


57 






ns 


RCLK Set Up Time referenced to PWCO, PWC1 




tSBC^ 


10 






ns 


PWCO, PWC1 Set Up Time referenced to BSCNT 


Delay Time from PWCO/PWCI to CD 


tSCD^ 




15 


26 


ns 
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AC CHARACTERISTICS (continued) 

(Recommended operating conditions and AC test conditions unless otherwise noted.) 



Parameter 


Symbol 


Value 


Unit 

ns 


Min 


Typ 


Max 


RCLK Pulse Width 


twCK 


20 






RST Pulse Width 


twRST 


20 






ns 


SLE Pulse Width 


WSLE 


20 






ns 



Notes: 

1. Syndrome Latch 

2. ECC-Through Mode 

3. Partial Write Mode 

ACTESTCONDITONS 



Output Load: 



7^ 



w 



MEASURING 
POINT 



Timing Waveform: 



OUTPUT 
(DELAY) 



ViL 

VoH 



OUTPUT 
(ENABLE) 



OUTPUT 
(DISABLE) 



\ 



\ 



T 



V,H = 3V, V|L = OV, tr = 10ns, tf = 5ns 



»o°/r\ . ' 

13V 7 ^100/0 



1.5V 



r 




Parameter 


Symbol 


RL(Q) 


R1(Q) 


CL(pF) 


SW1 


SW2 


Delay Time 


tpLH 
tpHL 


1.0K 


- 


50 


Off 


On 


Enable Time 


tpLZ 
tpHZ 


1.0K 


0.5K 


5 


On 
Off 


On 
On 


Disable Time 


tpzL 
tpZH 


1.0K 


0.5K 


50 


On 
Off 


On 
On 
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TIMING DIAGRAMS 
Read Mode 



MDOO 

TO (Input) - 

MD15 



CBO 

TO (Input). 

CBS 



CDOO 

CD15, (0"»P"»)- 
PO, P1 



Jf 



\ / 



•<- tMDZD 



s 



jj/z/z/z/r ^ ^////////// 



Dl 



tCBCKS j^**- 



l-«- tcDZE -»»| 



////////// 



' (Input) 



I 



tCKER 



'M 



ER ^1 



ZZl 



DON T CARE 
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TIMING DIAGRAMS (continued) 
Write Mode (Word Write) 



CDOO 

TO 

CD15 



MDOO 

TO 

MD15 



CBO 
TO 
CBS 



"VJ 



(Output) 



(Output) 



J- 



(Output) 



m 



:^ 



(Input) 



^wmmwi ^ 



mwvmwwm^ 



(Output) 



^ 



mvmwmw 



vwmwmmw 
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TIMING DIAGRAMS (continued) 
Partial Write Mode (Byte Write) 



/ 



J 



PWCO 
PWC1 



MOOO 

TO 

M015 



CBO 

TO 

CBS 



CDOO 

TO 

GDIS 



zzzzt 



(Output) 

*CBCKS 



V 



i3ezzzzzz> 



^^M 



)bidezzzzzzz^ 



^v\\\\\\m\y 



wmmmwmmmm 



^— zzi 



Syndrome Latch 
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PACKAGE DIMENSIONS 





64-Lead Ceramic (Metal Seal) 






Repeated Quad In-Llne Package 






(PGA-64C-A01) 






.090(2.29) 


.040(1.02)01 A TYP 

/ 






1 .110(2.79) 


/ 












*= 




^oooooooo(g) 
oooooooooo 

O O o 










'T 
















"^ 
















1 




==3 




o o o o 
















1.020(25.91) 
1.050(26.67) 




== .900(22.86) 
=. REF 


o o o 
o o o o 




INDEX AREA 


















== 




o o o o 




\ 


n 












■ 


-^ 


a-r 


= 




o o o o 
oooooooooo 
©oooooooo® 










u 












.718(18.24)SQ 








.016(0.41) 






-- 




.025(0.64) 






TYP 




.035(0.8 


9) 
2) 
5) 
1) 


1.020(25.91) 




.060(1.5 
.120(3.0 


1.050(26.67) 


.210(5.33) 


MAX ' ' .150(3.8 






Dimensions in 
inches (millimeters) 
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Peripheral Support 
Devices 



CRT Controllers 
4-2 MB89321A 

4-2 MB89322A 

4-25 MB89321B 

4-25 MB89322B 

Hard Disk Controller 



4-26 


MB89341 


Floppy Disk Controllers 


4-27 


MB8876A 


4-27 


MB8877A 


4-44 


MB89311 


4-57 


MB4107 


4-65 


MB4111 


4-65 


MB4112 


4-65 


MB4113 


4-76 


MB4316 



CMOS Programmable CRT Controller 
CMOS Programmable CRT Controller 
CMOS Programmable CRT Controller 
CMOS Programmable CRT Controller 

Hard Disk Controller 

Floppy Disk Formatter/Controller 
Floppy Disk Formatter/Controller 
CMOS Floppy Disk Controller/ Formatter 
Floppy Disk VFO 
Magnetic Disk Head Amplifier 
Magnetic Disk Head Amplifier 
Magnetic Disk Head Amplifier 
Driver/Receiver for Disk Head Amplifier 

NMOS Television Display Controller (TVDC) 
CMOS Television Display Controller (TVDC) 



Television Display Controllers 

4-8 1 MB88303 

4-98 MB88313 

Protocol Controller 

4-122 MB87030 SCSI Protocol Controller 

Universal Peripheral Interface Peripherals 



4-130 



4-147 



4-164 



4-183 



4-194 
4-194 



MBL8041AH/E/N 



MBL8042H/N 



MBL8742H/N 



MB8868A 



MB8867 
MB8867E 



NMOS Universal Peripheral Interface 8-Blt 

Microcomputer 

NMOS Universal Peripheral Interface 8-Blt 

Microcomputer 

NMOS Universal Peripheral Interface 8-Bit 

Microcomputer 

MOS Universal Asynchronous Receiver Transmitter 

(UART) 

TTL Two-Phase Clock Generator and Driver 

TTL Two-Phase Clock Generator and Driver 



Selector Guide for A-to-D/D-to-A Interface Peripherals 
4-205 A-to-D Converters 

4-205 D-to-A Converters 

CMOS Peripherals 



4-207 


MB89237A 


DMA Controller 


4-208 


MB89251A 


Serial Data Transmitter/ Receiver 


4-209 


MB89254 


Programmable Timer 


4-210 


MB89255A 


Parallel Data I/O Interface 


4-211 


MB89259A 


Programmable Interrupt Controller 


4-212 


MB89282 


Address Latch 


4-212 


MB89283 


Address Latch 


4-213 


MB89284A 


Clock Generator 


4-214 


MB89286 


Data Bus Transceiver 


4-214 


MB89287 


Data Bus Transceiver 


4-215 


MB89288 


Bus Controller 


4-216 


MB89289 


Bus Arbiter 
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MB89321 A, MB89322A 

CMOS Programmable CRT Controller 



October 1986 
Edition 1 .0 



Description 



Features 



The MB89321 A/MB89322A Programmable CRT Controllers are 
single chip CMOS devices used to interface CRT raster scan dis- 
plays with microcomputer systems. Both devices operate on a 
single +5 V power supply and have TTL-compatlble I/O. The 
MB89321 A interfaces to 6800 family microprocessors; the 
MB89322A to the 8080. 

The MB89321 A/MB89322A refresh the display by buffering 
Information from main memory using thirty-three internal registers 
and keeping track of the display position of the screen. Both 
devices are designed to allow simple interfacing to most raster 
scan CRTs with a minimum of external hardware and software 
overhead. 



■ Programmable Screen and 
Character Formats 

■ Cursor Control (3 types) 

■ Selectable Scan Modes (3 
types) 

■ Light Pen Detection 

■ Refresh Memory Address 
Function 

■ Screen Partitioning (up to 4 
partitions) 

■ independent 
Paging/Scrolling for Each 
Screen Partition 

■ Smooth Scrolling (up to 4 
screens simultaneously) 



■ Status Generation and 
Processor Interrupt 
Generation by Vertical 
Blanking or Light Pen 

■ External Sync for TV 
Superimposition 
(synchronous mode) or 
Interface to Other CRT 
Controllers (master-slave 
mode) 

■ Double-Size Vertical Display 
using Raster Interpolation 

■ 4.0 MHz Clock Rate 

■ Single +5 V Power Supply 

■ CMOS Process 

■ 40-pin Plastic DIP 
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MB89321A 
MB89322A 



Functional Block Diagram 



SCREEN PARTITION 

MEMORY ADDRESS 

REGISTER 



tJ 



RASTER COUNTER 



VERTICAL COUNTER 



SCREEN PARTITION 

LINE ADDRESS 

REGISTER 



DO to D7 - 
R/W (WR)' 



, ^1 LIGHT PEN I 
^^ CONTROLLER | 



> MA0toMA13 
. CUDISP/IRQ 



DISPLAY 

TIMING 

CONTROLLER 



INTERRUPT 

REQUEST 

CONTROLLER 



SYNCHRONOUS 

SIGNAL 

CONTROLLER 



- VSYNC/EXVSYNC 

- HSYNC/EXHSYNC 



'Symbols parenthesized are applied to MB89322A. 



Pin Assignment 



VssC 


1 ^ 


"^ 40 


ZI VSYNC/EXVSYNC 


RESET C 


2 


39 


H HSYNC/EXHYSNC 


LPSTB C 


3 


38 


URAO 


MAOCZ 


4 


37 


ZlRAI 


MA1 d 


5 


36 


DRA2 


MA2 C 


6 


35 


I]RA3 


MA3 IZ 


7 


34 


Z1RA4 


MA4 [Z 


8 


33 


I] DO 


MAS CI 


3 TOP ?2 


HDI 


MA6 \Z 


10 VIEW 31 


Z!D2 


MA7 C 


11 


30 


Z1D3 


MA8 C 


12 


29 


ZID4 


MA9 d 


13 


28 


I]D5 


MA10 IZ 


14 


27 


ZID6 


MA11 C 


15 


26 


I]D7 


MA12 CZ 


16 


25 


Zlcs 


MA13 IZ 


17 


24 


ZIRS 


DISPTMG CI 


18 


23 


13 E(RD)' 


CUDISP/IRQ C 


19 


22 


Zl R/W(WR)» 


VccC 


20 


21 


DCLK 




FUJITSU 



•Symbols parenthesized are applied to MB89322A. 
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Pin Descriptions 

MB89321A(MB89322A) 



Pin 

Mumber Symboi 



Pin 
Name 



Function 



4 to 
17 



18 



19 



20 



21 



22 



23 



24 



25 



26 to 
33 



34 to 
38 



39 



40 



Ground 



Ground 



RESET Reset 



Input used for device reset. When RESET goes low: 

• Internal counters are cleared and stopped; 

• All outputs go low, and; 

• Control registers and status register are cleared, other 
Internal registers unaffected. 



Enabled only when LPSTB is low. RESET goes high, display 
is initiated immediately. Control registers R30 and R31 must 
be initialized by software after reset is released. 



LPSTB 



Light Pen 
Strobe 



Character detection input. When high, the memory address 
is loaded in the light pen register, the raster address in the 
light pen raster register, and the status bit set. 



MAO to 
MA13 



Memory 
Address 



Refresh memory address output 



DISPTMG 



Display 
Timing 



Display timing output. Set to high during display. 



CUDISP/ 
IRQ 



Cursor 

Display 

Timing/ 

Interrupt 

Request 



Cursor display timing output/interrupt request output. Set 
to high during display. Setting the control register enables 
a high-level interrupt request signal to be output while the 
display timing signal is low. 



Power 
Supply 



+5 V power supply. 



CLK 



Clock 



Clock input. Goes low during EXHSYNC in TV sync mode. 



R/W 
(WR)* 



Read/Write 
(Write) 



MPU read/write input. 
(MPU write input) 



E 
(RO)* 



Enable 
(Read) 



MPU enable input. 
(MPU read input) 



RS 



Register 
select 



Internal register select input. Normally connected to the 
least significant bit (AO) of the address bus. When high, 
selects internal registers; when low, the address register. 



CS 



Chip 
select 



Chip select input. Goes low when the MPU accesses the 
CRTC. 



D7to 
DO 



Data Bus MPU data bus pins 



RA4to 
RAO 



Raster 
Address 



Raster address output 



Hsync 
HSYNC/ Output/ 
EXHSYNC Hsync 

Input 



Horizontal sync output/external horizontal sync input. 
When reset, becomes the horizontal sync output. 



Vsync 
VSYNC/ Output/ 
EXVSYNC Vsync 

Input 



Vertical sync output/external vertical sync input. When 
reset, becomes the vertical sync output. 



FUJITSU 



* Symbols parenthesized are applied to MB89322A. 
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Internal Registers 
and Functions 



Addross 



Register 



Data Bit 



CS RS 4 3 2 1 Number Register Name 



Write 76543210 



Invalid 






3 X 


X 


X 


>^ 


X 


AR 


Address Register 


W 


■llll^ 





1 














RO 


Total Number of Characters 
in Line (*) 


W 







1 













R1 


Number of Characters 
Displayed in Line 


W 







1 













R2 


Horizontal Sync Position (*) 


W 







1 












R3 


Sync Signal Pulse Width 


W 


V3 V2 V1 VO H3 H2 H1 HO 





1 





1 







R4 


Total Number of Lines (*) 


W 


H 





1 





1 






R5 


Total Raster Adjust 


W 


■■i 





1 





1 







R6 


Number of Lines Displayed 


W 







1 





1 






R7 


Vertical Sync Position (*) 


W 


■ 





1 












R8 


Scan Mode/Skew 


W 


01 CO D1 DO ^H 11 10 





1 











R9 


Maximum Raster Address 


W 


^^^H 


















RIO 


Cursor Start Raster 


W 


Jbibo 

















R11 


Cursor End Raster 


W 


^^^B 





1 




1 







R12 


Start Address 1 


R/W 


^H^ 










1 






R13 












1 






R14 


Cursor 


R/W 


^H 










1 






R15 



















R16 


Light Pen 


R 


l^p 

















R17 



















R18 


Screen 2 Display Start 
Position (*) 


R/W 


IL 

















R19 


Start Address 2 


R/W 


■■ 










1 






R20 












1 






R21 


Screen 3 Display Start 
Position (*) 


R/W 


t 










1 






R22 


Start Address 3 


R/W 


■i 










1 






R23 


















R24 


Screen 4 Display Start 
Position (*) 


R/W 


t 
















R25 


Start Address 4 


R/W 


■r 


1 













R26 




1 













R27 


Vertical Sync Position Fine 
Adjust 


W 


m, 


1 






1 






R28 


Light Pen Raster 


R 


^.„^ 


1 






1 






R29 


Smooth Scroll 


R/W 


m%- 


1 






1 






R30 


Control 


W 


VEVSIBILSYTVP1P0 


1 






1 






R31 


Control/Status 


R/W 


SS3SS2SS1SS0RrE SB SL 



*Note: Values written to these registers are one (1) less than the set values; refer to Notes on operation 
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Register Description 



Address Register (AR) 

Sets the number of the internal 
register. Unchanged until a 
new value is written. 

Total Number of Characters in 
Line Register (RO) 

Sets horizontal scan sync. 
Settings indicate number of 
characters, and are 
determined by the formula: 

Total Number of Characters in 
Line x Character Period = 
Horizontal Scan Period 

Values written to the register 
are 1 less than the set values. 

Number of Characters 
Displayed in Line Register 
(R1) 

Sets the horizontal display 
period. Settings indicate 
number of characters. 

Horizontal Sync Position 
Register (R2) 

Sets the horizontal sync signal 
position. Settings indicate 
number of characters. Values 
written to the register are 1 
less than the set values. 

Sync Signal Pulse Width 
Register (R3) 



MSB 












LSB 


V3 


V2 


V1 


VO 


H3 


H2 


HI 


HO 



Sets the sync signal pulse 
width. The 4 high-order bits 
are used for the vertical sync 
signal, the 4 low-order bits for 
the horizontal sync signal, the 
TV sync mode, the 4 low-order 
bits are used as the horizontal 
back porch. 

Total Number of Lines Register 
(R4) 

Used the the total raster adjust 
register to set vertical sync 
(field sync is set by number of 
rasters). Setting is in number 
of lines. Values written to the 
register are 1 less than the set 
value. 



11 


10 


Scan Mode 








Non-interlace mode 





1 


Interlace mode 


1 





Non-interlace mode 


1 


1 


Interlace and video 
mode 



IVIaximum Raster Address 
Register (R9) 

Sets the number of rasters in 
a line. In interlace and non- 
interlace modes, the value 
written is 1 less than the set 
value; in interlace and video 
mode, 2 less. Examples of 
settings in each mode are as 
follows: 

Interlace mode 



Total Raster Adjust Register 
(R5) 

Used to fine tune the vertical 
sync. Settings indicate number 
of rasters, and must be less 
than the maximum raster 
address. Vertical sync is 
determined by the formula: 

Vertical Sync = Total Number 
of Lines x Maximum Raster 
Address + Total Raster Adjust 

Number of Lines Displayed 
Register (R6) 

Sets the vertical display 
period. Settings indicate 
number of lines. 

Vertical Sync Position Register 
(R7) 

Used with the vertical sync q 

position fine adjust register q 

(R27) to set vertical sync ^ 

position using raster count. ^ 

Settings indicate number of 2 

lines. Values written to the 2 

register are 1 less than the set « 

values. 2 

4 

Scan l\/lode/Skew Register a 

(R8) 

MSB LSB Raster count - 5 

Value written - 4 



Non-interlace mode 



1 

2 

3 

4 



C1 


CO 


D1 


DO 






11 


10 



Sets cursor display signal and 
display timing signal skew, and 
the scan mode. Bit functions 
are as shown below: 



CI 


CO CUDISP Output 





Output without skew 





^ Skewed by 1 
character 


1 


Q Skewed by 2 
characters 


1 


1 No CUDISP output 


D1 


DO DiSPTIMG Output 





Output without skew 





. Skewed by 1 
character 


1 


Q Skewed by 2 
characters 


1 


1 No DISPTMG output 



Raster count - 5 
Value written - 4 



Interlace & video modes 



Raster count - 5 
Value written - 3 

Non-interlace mode and 

Interlace mode: 

Written value = Setting 

value -1 

Interlace mode & video 

mode: 

Written value = Setting 

value -2 
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Register Description 

(Continued) 



Cursor Start Raster Register 
(R10) 

MSB LSB 



Light Pen Raster Register (R28) 

MSB LSB 



M 


B1 


BO 













Sets the cursor display mode 
and the display start raster. 
Settings indicate number of 
rasters. Cursor display mode 
bit function is as follows: 



B1 BO 


Cursor Display 
iMode 





Displays without 
blinking 


1 


No display 


1 


Blinks in 16-field 
sync 


1 1 


Blinks in 32-field 
sync 



Cursor End Raster Register 
(R11) 

Sets the cursor display end 
raster. Settings indicate 
number of rasters. 

Start Address Registers (R12, 
R13, R19, R20, R22, R23, R25, 
R26) 

Four sets of 14-bit paired 
registers used to set the 
starting memory address for 
screen display that enable 
independent paging/scrolling 
when screen is partitioned. 
Registers are for Start Address 
1 (R12,R13), Start Address 2 
(R19, R20), Start Address 3 
(R22, R23) and Start Address 4 
(R25, R26). 

Cursor Registers (R14, R15) 

14-bit paired registers used to 
set the cursor display memory 
address. 

Light Pen Registers (R16, R17) 

14-bit paired registers to which 
the memory address is written 
when the light pen strobe 
signal goes high. Memory 
address value must be 
compensated in software for 
delay in the light pen detection 
circuit. 



DP 


^8 













Register to which the raster 
address and display status bit 
are written when the light pen 
strobe signal goes high. When 
the light pen register or light 
pen raster register are written 
to during the display period, 
the display status bit is set to 
1; during blank period, reset 
too. 

Verticai Sync Position Fine 
Adjust Register (R27) 

Used to fine-tune the vertical 
sync signal within the line set 
by the vertical sync position 
register. Settings indicate 
number of rasters. Examples 
of settings are shown below: 

Setting Value = 1 



Setting Vaiue = 2 



Setting must not be written 
as it will cause the control 
register to disable the vertical 
sync position adjust register, 
resulting in a vertical sync 
signal output of RA = 0. The 
set value must be less than the 
maximum raster address. 

Dispiay Start Position 
Registers (R1 8, R21,R24) 

Sets the starting line numbers 
for display start addresses 2, 3, 
and 4 when screen is 
partitioned. See following 
figure. Values written to the 
register are 1 less than the line 
number; must not be written. 
Examples of settings are 
shown below: 



Line 

Number Display Screen 



Screen 1 

(Start address 1) 



Screen 2 
(Start address 2, 
Register 18) 



Screen 3 
(Start address 3, 
Register 21) 



Screen 4 
(Start address 4, 
Register 24) 



Value written for start 

position 2 = 2 

Value written for start 

position 3 = 3 

Value written for start 

position 4 = 7 

Smooth Scroli Register (R29) 

Sets the starting raster 
address within a line. Setting 
indicates number of rasters. 
Smooth scrolling can be used 
in interlace and non-interlace 
modes only. 

Settings are valid for screens 
specified by SS3 to SSO of 
the control/status register. 
Settings must be less than 
the maximum raster address. 
Examples of settings are 
shown below: 




CONTENTS , 
OF NEXT 
LINE ^ 
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Register Description 

(Continued) 



Control Register (R30) 



MSB 












LSB 


VE 


VS 


IB 


IL 


SY 


TV 


P, 


PO 



Controls the external sync 
function, interrupt function, 
vertical sync position fine 
adjust function and screen 



partition function. This register 
must be initialized by software 
after reset Is released. Bit 
functions are as shown below: 



VE 


VS 


TV 


External Sync Function 











Both VSYNC and HSYNC are in output mode. DISPTMG is active. External 
sync operation is disabled. 





1 





Outputs VSYNC for odd-numbered fields only in interlace mode. No VSYNC 
output when the programmed values of max. raster address and vertical 
sync position are odd numbers in interlace & video mode. 


1 








EXVSYNC is in input mode but external sync signal ignored. DISPTMG is 
active. 


1 


1 





EXVSYNC is in input mode and extemal sync signal is accepted. DISPTMG 
goes low (disabled). 








1 


Disallowed 





1 


1 


Disallowed 


1 





1 


Both EXVSYNC and EXHSYNC are in input mode and external sync signal is 
accepted. DISPTMG output is active. 


1 


1 


1 


Both EXVSYNC and EXHSYNC are in input mode and external sync 
signal is accepted. DISPTMG goes low (disabled). 



Notes: 

1 . When VS = 1 , DISPTMG goes low. 

2. When TV = 0, indicates master-slave mode. When TV = 1 , indicates TV sync mode. 

3. In TV sync mode, the horizontal back porch must be set using the horizontal sync pulse 
width register. 

4. In TV sync mode, the internal control Is in non-interlace mode. 



IB 


IL 


Interrupt Function 








None 





1 


With light pen strobe 


1 





With vertical blanking 


1 


1 


With light pen or vertical blanking 



Note: Interrupt signal is output for CUDISP while DISPTMG is low. 



SY 


Vertical Sync Position Fine Adjust Function 





Vertical sync position fine adjust register disabled 


1 


Vertical sync position fine adjust register enabled 


PI 


PO 


Screen Partition Function 








Start Address 1 enabled 





1 


Start addresses 1 and 2 enabled; screen partitioned into two sections 


1 





Start addresses t, 2, and 3 enabled; screen partitioned into 
three sections 


1 


1 


Start addresses 1, 2, 3, and 4 enabled; screen partitioned into 
four sections 



Note: Screen address 1 is always displayed starting from line number 0. 
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Register Description 

(Continued) 



Control/Status Register (R31) 

MSB LSB 



SS3 SS2 SSI SSO 


Rl 












MSB 












LSB 








W^ 
^ji 


E 


SB 


SL 



Controls the smooth scrolling 
and raster interpolation 
functions, and performs 
read/write of the status 
register. This register must 
be initialized by software 
after reset is released. 
Control bit functions are as 
follows: 



Control Bits Function 



SS3 to SSO 



Smooth scrolling control bits; when set to 1 the smooth scrolling register is 

enabled. Bits correspond to the screens as follows: 

SS3 = screen 4 

SS2 = screen 3 

SS1 = screen 2 

SSO - screen 1 



Raster interpolation bit. Set to 1, raster interpolation is performed. The raster 
counter is incremented every two rasters, doubling the vertical sync rate. 

Rl Therefore, in this case, registers related to vertical sync control must be 

reprogrammed. The raster interpolation function can't be used in external sync 

mode and interlace & video mode. 

Notes: 

1 . "Os" must be written to lower 3 bits of the control register. 

2, Refer to diagram of "Double-Size Vertical Display" and item 6 of Notes on Operation. 



Status Bits 

The functions of status bits are 
as follows: 



E 


Display Field Status 





Odd-numbered screen display, or in non-interlace mode 


1 


Even-numbered screen display 


SB 


Vertical Blanking Status 





During screen display 


1 


During vertical blanking 


SL 


Light Pen Strobe Status 





Light pen strobe ignored 


1 


Light pen strobe accepted 



Notes: 

1 . Light pen strobe status is cleared by reset or by read of the status register. 

2. Vertical blanking status and light pen strobe status are set regardless of the setting of the control register 
Interrupt function. 

3. E bit is controlled by the vertical blank. Therefore, E bit status is different from normal field image, and it's 
update timing changes depending on number of lines displayed. To get correct status, E bit must be read 
immediately after the display period. 
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Restrictions on Values 
Written to Registers 



Values which may be written to internal registers are as follows: 



(1) 



. number of characters „ 



total number of 



(2) 
(3) 
(4) 
(5) 



(6) 



(7) 



(8) 
(9) 



displayed in line ^^""^^ characters in line ^^°^ + 1 ^ 256 
< number of lines displayed (R6) < total number of lines (R4) +1 ^ 1 28 
^ horizontal sync position (R2) ^ total number of characters in line (RO) 
^ vertical sync position (R7) ^ total number of lines (R4) 

<. cursor start raster (R1 0) <. cursor end raster (R1 1 ) ^ maximum raster address (R9) 
(interlace mode and non-interlace modes) 

^ cursor start raster (R1 0) ^ cursor end raster (R1 1 ) ^ maximum raster address (R9)+ 1 
(interlace & video mode) 

2 ^ maximum raster address (R9) ^ 30 
(interlace & video mode only) 

3 ^ total number of characters in line (RO) 
(except in non-interlace mode) 

5 ^ total number of characters in line (RO) 

(non-interlace mode only) 

Vertical sync position fine adjust (R27) < maximum raster address (R9) 

Smooth scroll (R29) ^ maximum raster address (R9) 



System Blocic Diagram 



CLOCK 
GENERATOR 



Kl 



E(RD) 



R/W (WR) 



C 



DATA 



^ 



MB89321A 
(MB89322A) 



^ 



VIDEO 
CONTROL 
CIRCUIT 



^^ 



X Y 

♦^ CRT I 



CHARACTER 
PATTERN 



CHARACTER 

PAHERN 
GENERATOR 



CHARACTER 
CODE 



SCREEN REFRESH 
RAM 



^7T 
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Programmable Values 



Programmable values which 
can be written to registers 
and their respective symbols 
are as shown below: 



FUJITSU 



Register 
Kumber 


Register Name 


Programmable Value 


Symbol 


RO 


Total Number of Characters in Line 


Characters 


Nht 


R1 


Number of Characters Displayed in Line 


Characters 


Nhd 


R2 


Horizontal Sync Position 


Characters 


Nhsp 


R3 


Sync Signal Pulse Width 


Rasters/Characters 


Nvsw/Nhsw 


R4 


Total Number of Lines 


Lines 


Nvt 


R5 


Total Raster Adjust 


Rasters 


Nadj 


R6 


Number of Lines Displayed 


Lines 


Nvd 


R7 


Vertical Sync Position 


Lines 


Nvsp 


R8 


Scan Mode/Skew 






R9 


Maximum Raster Address 


Rasters 


Nr 


R10 


Cursor Start Raster 


Rasters 


NcSTART 


R11 


Cursor End Raster 


Rasters 


NcEND 


R12 
R13 


Start Address 1 




Nsi 


R14 
R15 


Cursor 






R16 
R17 


Light Pen 






R18 


Screen 2 Display Start Position 


Lines 


Nl2 


R19 
R20 


Start Address 2 




Ns2 


R21 


Screen 3 Display Start Position 


Lines 


Nl3 


R22 
R23 


Start Address 3 




Ns3 


R24 


Screen 4 Display Start Position 


Lines 


Nl4 


R25 
R26 


Start Address 4 




Ns4 


R27 


Vertical Sync Position Fine Adjust 


Rasters 


Nspadj 


R28 


Light Pen Raster 






R29 


Smooth Scroll 


Rasters 


Nradj 


R30 


Control 






R31 


Control/Status 
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Screen Format 



^2k 



TTT 



<0 (0 -' 

z 0. o 
3 o cc 

u^ ^ lil 

lu <( 3 

IP 



If 



OCf- 
-I (O 

o 



=T 



- TOTAL NUMBER OF CHARACTERS - 



-HORIZONTAL SYNC POSITION 



- NUMBER OF CHARACTERS - 

DISPLAYED IN LINE 
-H 1 CHARACTER 



(Nwd-1) 
xNhd 



w 



Nvd" 
Nh«l+1 



Nhsp 



Nhd + N 



2Nhd + Nhsp 2Nhd + Nht 



NyspX 

Nm 



TOTAL RASTER ADJUST 



(Nyd-I)x 
Nhd+Nht 



NvdxNhd 
+Nht 



NyspX 

Nhd+Nht 



N»,x 
Nhd+Nht 



Line numbers are counted starting at the following addresses: 

Line number = starts from memory address 
Line number 1 = starts from memory address Nhd 
Line number 2 = starts from memory address 2Nhd 

Line number n = starts from memory address (Nvd-l)Nhd 



Scan Mode 

Examples of format during 
scan mode: 



Interlace Mode 





Non-lnterlace Mode 
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Example of Screen Format 



Dot clock rate 16.128 MHz 

Horizontal frequency 15.75 kHz 
Vertical frequency 60.1145 Hz 

At the following clock rates and register settings, the screen format is as shown in the diagrams below: 



Total number of characters in line, Register 0: 

Number of characters displayed in line. Register 1: 

Horizontal sync position, Register 2: 

Sync signal pulse width. Register 3: 

Total number of lines, Register 4: 

Total raster adjust. Register 5: 

Number of lines displayed. Register 6: 

Vertical sync position, Register 7: 

Maximum raster address. Register 9: 



127 

80 

99 

8 

31 

6 

25 

27 

8 






7 






















































DISPLAYED IN LINE 

















1 


2 





79 


80 





99 





127 


1 ' 

1 


i 

1, 

< 






80 


81 


82 





159 


160 





179 





207 






160 


161 


162 





239 


240 





259 





287 




RASTER 


1 
1 
1 


1 
1 


1 
1 
1 




1 
1 
1 


1 
1 
1 




1 

1 
1 


3 
5 


1920 


1921 


1922 





1999 


2000 


_ _ _ 


2047 






2000 


2001 


2002 





2127 






i i i ' 

III 1 


' 


D 




2160 


2161 


2162 





2287 






II! 1 

III 1 


t 




RASTER 


2480 


2481 


2482 





2607 




2560 


2561 


2562 





2687 










TOTAL RASTER ADJUST - 
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Scan Mode 

(Continued) 



Interlace & Video Modes 







Even number of rasters in a line 



Odd number of rasters in a line 



Cursor Control 



Examples of settings for the 
cursor start and end raster 
registers: 



Start address = 6 
End address = 6 




Start address = 5 
End address— 6 




Start address = 1 
End address = 4 



TV Sync Mode 

Example of a TV Sync mode 
circuit: 







r 


r 






BUS CONTROL 










EXVSYNC 
EXHSYNC 

CRTC 




TV 


VSYNC 




HSYNC 


i 










l> 




















\ 










HDh 


fosc ^ 


RESET 


1/m 
■1/n 


m>n 


















r 






T CLOCK 




(PRESCALER) 











TV sync mode is used to 
superimpose displays on TV or 
video signals. In the above 
example a 1 /n fosc dot shift 



will occur. Accordingly, an 
appropriate prescaler should 
be designed to avoid image 
resolution problems. 



During HSYNC, CLK must be 
low (stopped). 
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Master-Slave Mode 

Example of a master-slave 
mode circuit: 



MASTER CRT 
CONTROLLER 



HSYNC 
VSYNC 

CRTC 



-•► HSYNC 
-»► VSYNC 



BUS 
CONTROL 



rooi —J 



& 



HSYNC 
EXVSYNC 



Master-slavemode is used to 
synchronize master and slave 
CRT controllers. The screen 
formats and clock phases of 
the two CRTCs must match. 

Since HSYNC is output, PLL 
can be used. 



J 1/m 1/n I 

COUNTER (PRESCALER) 



Smooth Scroll 

Example of smooth scrolling 
display: 




In the example, screen 2 is 
being smooth scrolled. 



Double-Size 
Vertical Display 



Raster Address 




Without raster 
interpolation function 



Raster Address 




The vertical size of the display 
can be doubled using the 
raster interpolation function 
as shown in the example. 

In raster interpolation, the 
raster address is updated 
every second raster. 

Refer to item 6 of Notes on 
Operation. 
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With raster 
interpolation function 
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Absolute Maximum 
Ratings 



Parameter 


Symbol 


Rating 


Unit 


Input Voltage 


V|N 


-0.3 to +7.0 


V 


Supply Voltage 


Vcc 


-0.3 to +7.0 


V 


Operating Ambient Temperature 


Ta 


-40 to +85 


°c 


Storage Temperature 


TSTG 


-55 to +150 


''C 


Power Dissipation 


Pd 


600 


mW 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional 
operation should be restricted to the conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



Recommended Operating 
Conditions 



Value 



Parameter 




Symbol 


Min. 


Typ. 


Max. 


Unit 


Supply Voltage 




Vcc 


4.5 


5.0 


5.5 


V 


Vss 




0.0 




V 


Input High Voltage 


LPSTB. CLK 


V|H1 


2.2 




Vcc 


V 


Other Inputs 


V|H 


2.0 




Vcc 


V 


Input Low Voltage 


LPSTB. CLK 


V|L1 


-0.3 




0.6 


V 


Other Inputs 


V|L 


-0.3 




0.8 


V 


Ambient Temperature 




Ta 


-20 


25 


+ 75 


"C 



DC Ciiaracteristics 

Recommended operating con- 
ditions unless otherwise noted. 
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Input Leakage 
Current 



Input 
Capacitance 



Value 



Parameter 




Symbol 


Test Conditions 


Min 


Typ 


Max 


Unit 


Input High 


LPSTB, CLK 


V|H1 




2.2 




Vcc 


V 


Voltage 


Other Inputs 


V|H 




2.0 




Vcc 


V 


Input Low 


LPSTB.CLK 


V|L1 




-0.3 




0.6 


V 


Voltage 


Other Inputs 


V|L 




-0.3 




0.8 


V 



DO to D7, 

EXHSYNC, 

EXVSYNC 



l|L 



V|N = 0.4 V to 2.4 V, 
Vcc = 5.5 V 



-10 



D0toD7, 

EXHSYNC. 

EXVSYNC 



C|N 



V|N = OV 



10 



ju<A 





Other 
Inputs 


'|L1 


V|N = 0Vto5.5V 


-2.5 


2.5 


/.A 


Output High 


D0toD7 


VOH 


IOH=-205;xA 


2.4 




V 


Voltage 


Other 
Outputs 


V0H1 


IOH=-100/xA 


2.4 




V 


Output Low 


Voltage 


Vol 


IOL=1-6mA 




0.4 


V 



12.5 pF 





Other 
Outputs 


C|Ni 


f= 1.0 MHz 




10.0 


pF 


Ouput Capacitance 




COUT 






10.0 


pF 


Power Dissipation 




Pd 


VcC = Vmax 
f= 1.0 MHz 


10 


30 


mW 
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AC Characteristics 

Recommended operating 
conditions unless otherwise 
noted. 



Value 



Parameter 


Symbol 


Conditions Min. Typ. 


Max. 


Unit 




Clock Period 


tCLK 


-d) 


250 

100 
100 


20 


ns 




Clock High 


tpWCH 


ns 




Clock Low 


tpWCL 


ns 




Clock Rise 


tcR 


ns 




Clock Fall 


tcF 




20 


ns 


CRT 


Memory Address Delay 
Raster Address Delay 


^MAD 
tRAD 




80 


ns 


Controller 




100 


ns 




Display Timing Delay 


toTD 




120 


ns 




Cursor Timing Delay 


tcDD 




120 


ns 




Horizontal Synchronous 
Delay 


tHSD 




100 


ns 




Vertical Synchronous Delay 


WSD 




120 


ns 




Clock Stop 


tCLKST 


-(2) 


100 
1000 




ns 




External Horizontal 
Synchronous Signal Width 


tpWHS 


ns 




External Horizontal 
Synchronous Rise 


tHR 




20 


ns 


External 
Synchro- 


External Horizontal 
Synchronous Fall 


tHF 




20 


ns 


nization 


External Vertical *1 
Synchronous Signal Width 


tpwvs^ 
tpwvss 


1220/ 
1750 


20 


ns 




External Vertical 
Synchronous Rise 


tvR 


ns 




External Vertical 
Synchronous Fall 


tvF 




20 


ns 




External Synchronous 
Setup 
(Master-slave mode) 


tvss 


50 




ns 


Light 
Pen 


Light Pen Strobe Width 
Light Pen Strobe 
Maximum Period 


tpwLP 

tLPDR 
iLPDF 


^(3) 


60 





ns 
ns 




70 


ns 




Enable Period 


tE 


[(4) MB8£ 
only] 


0.5 

0.22 

0.21 


20 


/JS 




Enable High 


tpWEH 


fJS 




Enable Low 


tpWEL 


yus 




Enable Rise 


tER 


ns 


CRT 


Enable Fall 


tEF 


)321A 


20 


ns 


Interface 


Address Setup 


tAS 


40 


120 


ns 


1 


Data Delay 


^DDR 


ns 




Data Access 


Ucc 




160 


ns 




Address Hold 


tAH 


10 
10 
60 




ns 




Data Hold 


tH 


ns 




Data Setup 


*DSW 


ns 



FUJITSU 
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MB89321A 
SJSS8S322M 



AC Characteristics 

(Continued) 



Parameter 



CPU 

Interface 

2 



IRQ 



Interrupt Delay *2 



Value 



Symbol Conditions Min Typ Max Unit 



Read Address Setup 


tAR 


Read Low 


*RR 


Read Address Hold 


tRA 


Write Address Setup 


Uw 


Write Low 


tww 


Write Address Hold 


tWA 


Data Delay 


tRD 


Data Hold 


toF 


Data Setup 


tow 


Data Hold 


twD 


Access Inhibit 


tois 


Interrupt Delay 


tjRDF 







160 



ns 
ns 



[(5)MB89322 A190 
only] 



120 



10 



60 

_0 

210 



150 



tjRDR 



(6) 



1/2tcik 
+150 



Note: *1 . External vertical synchronous signal width tpwvs = 1000 ns + tcLK (TV sync mode) 

tpvyvss = 1000 ns + 3 tcLK (Master slave mode) 
*2. Rising delay time when light pen strobe input in non display time 



Clock 



A TTL-level input from DC to 
4.5 MHz character clock 
should be used. An example 
of the clock circuit is shown 
below. 



A circuit example for horizon- 
tal 8-dot character mode is as 
follows: 



TTL-LEVEL-INPUT 



P/S SHIFT 
REGISTER 



o 



CHARACTER DATA 



T — 

I 1 1/8 1— ► ( 



PRESCALER 






1/8 












( 


:lk 




J 
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MB89321A 
MB89322A 



Timing Diagrams 



(1) CRT Controller 



•« tcLK - 



T^2.2V -'r tpwCL f 
0.6v/^J;.lVo.6V ^C 



MAO TO MA13 



-J L 2.4 V 



n L 2.4 V 



/ 



7" 



7" 



7' 



- \-0.4V 
lAD 

' r 0.4 V 

AD 

- ^0.4 V 
DTD 

■Jr-0.4V 
CDD 

■ \-0.4V 
HSD 

^^0.4 V 



(2) External synchronization 



CLK (TV sync 
mode) 



*HR- 



0.8V -j ^ 2.0V ^ r0.i 



j^^^oev \ I 



0.8V 

Vr-* 



CLK (Master slave 
mode) 



-* — % 



*PWVSS ^ 

y^2.0V 2.0V J r 
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MB89321A 
MB89322A 



Timing Diagran 

(Continued) 



(3) Light Pen 



I \ 



/ 



jfo.6 



LIGHT PEN 
STROBE 
ENABLE 



\ r~ 

- ^0.6V / 



When the light pen strobe is 
enabled, LPSTB goes high, 
M+2 is loaded into the light pen 
register, N into the light pen 
raster register, and the display 
status bit is set. 



-i ^2.2V J r 2.2V 



MAO TO MA13 



lU. 



X2; 



(4) CPU Interface 1 (MB89321 A only) 



A 



R/W 
RS 



DO TO D7 
(READ) 



DO TO D7 
(WRITE) 



"A-^Tov 

/a :0.8 V 



T^2.0V 2.0V-^- / \ 

\o.8V 7 ^0.8V \ 



■i -2.4 V " "^ r 2.4 
J ;0.4V ^-0.4 



2.0 V 
0.8 V, 



X2.0V 2.0V^ f 
0.8V 0.8V A 



FUJITSU 



4-20 



MB89321A 
MB89322A 



Timing Diagrams 

(Continued) 



Notes on Operation 



(5) CPU Interface 2 (MB89322A only) 



DO TO D7 
(READ) 



DO TO D7 
(WRITE) 




(6) IRQ Timing 



/ — V. 



J 



1> 



^ -08V / 
tlRDl 



(1) Screen Partition Timing 



Nsi+4Nhd+Nht 



Nsi+4Nhd + Nht 



Nsi + 4Nhd + Nht 



MAO TO MA13 



RAO TO RA4 



'""^^l |Nsi + 4Nhd I Nsi + 4Nhd |Ns2 I Ns2 

\ — ; — \ — ; — y — i — :: — \ — r 



I 



LINE NUMBER 



5(Nl2+1) 



SCREEN PARTITIONED HERE 

This example shows typical memory addresses and raster addresses of screens 1 and 2 during 

screen partitioning. 

Nht: Total Number of Characters in Line (RO) 

Nhd: Number of Characters Displayed In Line (R1) 

Nr : Maximum Raster Address (R9) 

Ns1 : Start Address 1 (R1 2, R1 3) 

NL2: Screen 2 Display Start Position (R1 8) 

NS2: Start Address 2 (R1 9, R20) 
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MB89321A 
MB89322A 



Notes on Operation 

(Continued) 



(2) Interrupt Signal Generator 
Timing 



cuDisp/iRQ n 1 L 

display/ 



STATUS 
READ . 



Cursor display 

0IRQ request of 
vertical blanking 
interrupt request of light pen strobe 
during this display period 



J-L 



^ 



n. 



(3) IRQ request of 
light pen strobe 



M 



(2) IRQ request of 
light pen strobe 
interrupt request of light pen strobe 
during this display period 




The interrupt signal is output 
totheCUDISPpin during 
display blanking. The interrupt 
signal can be generated as 
shown in the diagram below. 



When the cursor is not 
enabled, the CUDISP pin func- 
tions as IRQ. 



(3) TV Sync Timing 



r 



RISE 
DETECT 
CIRCUIT 



_ EXVSYNC DETECT 
SIGNAL 



PYHQVMr HORIZONTAL 

EXHSYNC B^cK PORCH 



£ 



LJfO^ 



EXVSYNC 
EXHSYNC 



fUUl 



JLIUUl 



In TV sync mode, EXHSYNC 
is enabled when a pulse of 
1,000 ns or more is applied. 
Also, during vertical blanking, 
EXVSYNC is enabled to sync 
the controller's internal 
horizontal display period 
signal. In order to use the TV 
sync function, a horizontal 
display period should be set. 
The basic circuit required to 
do this is shown to the left. 

Note: Low (enabled) during the 
horizontal display period. 

The TV sync function may 
not operate under the timing 
shown here at the immediate 
left. 



J L 



-"'^^ nJUULfLILnJlJLJL 



The TV sync function is 
activated using the timing 
as shown here. 



J L 



(iJUuifuuiJinnnjiiuLfL 
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MB89321A 
MB89322A 



Notes on Operation 

(Continued) 



(4) Horizontal Display Period 
Setting (TV Sync Mode) 

The horizontal display period 
is determined by the timing 
diagrams below: 



Jl 



HORIZONTAL DISPLAY • 
PERIOD 



I HORIZO 



Jl_ 



HORIZONTAL BACK PORCH + 2 CLOCK CYCLES 



^^ 



NUMBER OF CHARACTERS 

(DISPLAYED IN LINE |- 
I 



(A) and (B) indicate points 
where EXVSYNC is detected. 

EXVSYNC is normally 
detected at (B). However, 
when EXHSYNC is generated 
during the horizontal display 
period by an equivalent 
pulse, detection is at (A). 



(A) and (B) require at least 
1,000 ns+ 1 clock cycle, 
during which period 
EXVSYNC must be main- 
tained. 



(5) Screen Partitioning 

The display order of partitioned screens can be changed by programming the start position 
registers (R18, R21, and R24) for each partitioned screen, except screen 1, which is always 
displayed from line on the screen. (See Figure A below.) 

But, when the same values are programmed to the start position registers, the partitioned screens 
for those start position registers aren't displayed, even if those partitioned screens are enabled by 
PO and PI bits. 



Line No. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 


Figure 
Display Screen 


A 

Example of Register Setting 

Screen 3 Start Position (R21) 
^ Screen 2 Start Position (R18) 
^ Screen 4 Start Position (R24) 

• Screen 2 Start Position Reg. 
(R18) = 5 

• Screen 3 Start Position Reg. 
(R21) = 2 

• Screen 4 Start Position Reg. 
(R24) = 8 


Screen 1 


Screen 3 


Screen 2 


Screen 4 
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MB89321A 
MB89322A 



Notes on Operation 

(Continued) 



(6) Raster Interpolation 

At present, two versions of MB89321A/89322A are provided: One has the raster interpolation 
function, and another has no raster interpolation function. On MB89321A/89322A without the 
raster interpolation function, "0" must always be written to Rl bit of the control /status register 
(R31). 



Line No. 


Figure B 
Display Screen Example of Register Setting 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 


Screen 1 


Screen 2 Start Position (R18) 
= Screen 3 Start Position (R21) 
^ Screen 4 Start Position {R24) 

• Screen 4 Start Position Reg. 
(R24) = 8 

• Screens 2 and 3 aren't 
displayed because the start 
position registers for these 
screens have the same value. 
In the display areas for 
Screens 2 and 3, Screen 1 , 
which is displayed above 
those screens, is displayed. 


Screen 4 







Package Dimensions 

Dimensions in inches 
(millimeters) 



40-Lead Plastic 
Dual In-Line Paclcage 
(Case No.: DiP-40P-M01) 



nnn nnnnnnnnnnnnnnnnn 




(EJECTOR MARK) 



uuuuuuuuuuuuuuuuuuu 

2.045(51 .a5) 



.533(13.54) 

.553(14.05) 

.590(14.99) 
.610(15.49) 



.0 08(0.20) / 
.012(0.30) 



-.090(2.29)MAX 




^ .050(1.27) ^ [I .015(0.38) 

.070(1 .77) .021(0.54) 



195(4.96)MAX 



FUJITSU 
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FUJITSU 



PROGRAMMABLE 
CRT CONTROLLER 



MB89321B 
MB89322B 



October 19( 
Edition 1 .0 



DESCRIPTION 

The Fujitsu MB89321B/MB89322B Programmable CRT Controllers are used to 
interface a CRT raster-scan display with a microcomputer system. The 
MB89321 B is pin-for-pin compatible with the 6845 controller and is designed to 
interface with the 6800-series of microprocessors from Motorola. The MB89322B 
is designed to interface with the 8080-series of microprocessors 
from Intel; because the Intel bus requires separate read/write lines, the MB89322 
is not a direct replacement for 6845. 

Both devices refresh the CRT display by buffering information from main 
memory. Eighteen internal registers track the display position on the screen 
and provide a realtime presentation of the video data. The interface with most 
raster-scan CRT displays is simple and the hardware/software overhead is 
minimal. 

Together, the MB89321A/MB89322A and MB89321B/MB89322B controllers 
provide design alternatives for the bus-interface requirements shown at the 
bottom of this page. The MB89321 and MB89322 can be ordered with or without 
enhancements. Non-enhanced versions (suffix B) contains all standard features 
of the 6845; enhanced versions (suffix A) provide all standard features of the 
6845 plus smooth scroll, additional screen partitioning, independent scrolling of 
screen partitions, and other convenient features. 

FEATURES 

• Programmable screen and character formats 

• Cursor control display: Form, Position, and Blink 

• Three selectable scan modes: Interlace, Non-interlace, and Interlace with 
Video 

• 14-bit refresh memory address output: 16K word refresh memory addressing 
capability 

• 5-bit raster address output: Up to 32 rasters per character 

• Light pen detection: Refresh memory address capture 

• Flexible bus interface: 6800 compatible bus for MB89321 B, 8080 compatible 
bus for MB89322B 

• Up to 4 MHz clock rate 

• Silicon gate CMOS process/TTL compatible I/O 

• Single + 5V power supply /40-pin plastic DIP (Suffix P) 



Bus Interface 


MB89321A 


MB89322A 


MB89321B 


MB89322B 


6845 


8080 Bus Interface 
(Intel) 




X 




X 




6800 Bus Interface 
(Motorola) 


X 




X 




X 


Enhanced (Note) 


X 


X 








Non-Enhanced 






X 


X 


X 



Note: 

The MB89321 A and MB89322A provide all features of the 6845; however, both devices require that 
Registers 30 and 31 be cleared during initialization. The clearing command is not required for the 
6845 or the non-enhanced (MB89321 B/MB89322B) devices. 




40-Pin Plastic DIP 
(DIP-40P-M01) 



PIN ASSIGNMENTS 


Vss C= 


, ^ 40 


Zl VSYNC 


RESET tZ 


2 39 


Zl HSYNC 


LPSTB C 


3 38 


Zl RAO 


MAO IZ 


4 37 


Zl RA1 


MAI tZ 


5 36 


Zl RA2 


MA2 C 


6 35 


Z] RA3 


MA3 IZ 


7 34 


Zl RA4 


MA4 IZ 


8 33 


Zl DO 


MAS C 


9 32 


Zl D1 


MA6 IZ 


10 31 


Zl D2 


MA7 C 


11 30 


Zl D3 


MAS C 


12 29 


Zl D4 


MA9 C 


13 28 


Zl D5 


MA10 C 


14 27 


Zl D6 


MA11 IZ 


15 26 


Zl D7 


MA12 IZ 


16 25 


Zl cs 


MA13 (Z 


17 24 


I] RS 


DISPTMG C 


18 23 


Z] E (RD) 


CUDISP IZ 


19 22 


Zl R/W (WR) 


Vcc C 


20 21 


D GLK 




Legend: 




( ) = MB89322B 



This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
It is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high Impedance circuit. 
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FUJITSU 



HARD DISK 
CONTROLLER 



MB89341 



October 1 986 
Edition 1 .0 

DESCRIPTION 

The Fujitsu MB89341 Hard Disk Controller (HDC) interfaces with a host processor and a hard disk drive unit and provides data 
transfers between the two units in accordance with commands loaded from the host processor. The HDC is fabricated in CMOS 
and is housed in a 48-pin shrink DIP. 



FEATURES 

• Two programmable modulation modes: 
MFM and NRZ. 

• High speed data transfers — 

MFM: Maximum of six megabits per second 

(typically 5 Mbps). 
NRZ: Maximum of 12 megabits per second 

(typically 10 Mbps). 

• Programmable step rate — 

Fast: 1 -to-8 jus in eight steps. 
Slow: 0.5-to-4 ms in eight steps. 

• Multi-sector read/write and multi-track 
read/write. 



PIN CONFIGURATION 



• On-chip 8-byte FIFO for timing control of 
data transfers. 

• On-chip memory buffer with arbitration logic. 

• On-chip EGG with 32-bit fire code. 

• Supports 16 drives and 16 head selections. 

• Interface compatibility with Seagate ST506/412 
specification and ESDI specification. 

• GPU interface: Parallel data loading to 
register array. 

• Silicon-gate GMOS process. 

• Single +5V supply. 



BRDYC 


7"^ 


-> « 


ZlVcc^SV) 


SYNC/SCT/AMF C 




47 


n RESET 


TRAKOO/TXACK C 




46 


ZICLK 


SKC(NRZ)/CMC(NRZ) C 




45 


Z3TESJ 


FAULT/ATN CZ 




44 


Z3IRQ 


READY C 




43 


ZIA3 


INDEX d 




42 


Z]A2 


SKC(MFM)/CNFIG d 




41 


Z]A1 


HU3C: 




40 


=3 AC 


HU2C: 


10 


39 


=iwe 


HU1 IZ 


11 TOP 38 


ZIRE 


HUOC 


12 VIEW 37 


Z1D7 


USTBCZ 


13 


36 


ZID6 


USEL ZZ 


14 


35 


Z1D5 


RWC C 


15 


34 


ZID4 


DIRC/CMD C 


16 


33 


Z1D3 


WDC C 


17 


32 


Z1D2 


EARLY/WCLK C 


18 


31 


Z1D1 


LATE/AME C 


19 


30 


Z]DO 


WGC 


20 


29 


Z] DRQ 


RG^ 


21 


28 


=J MACLR 


RDT CZ 


22 


27 


ZIMSEL 


RCLKC 


23 


26 


ZICS 


Vss{GND) C 


24 


25 


Zl STEFVTXREQ 











BLOCK DIAGRAM 


























1 




i 

















SYSTEM 
CONTROL 




MPU 




CONTROL 

MEMORY 

(ROM) 


DISK 

CONTROL 
^,_kSIGNALS 

DATA 
SIGNALS 


*' 






























WORKING 

MEMORY 

(RAM) 






REGISTER 
FILE 


















FORMAT 
CONTROLLER 


















8-BYTE 
FIFO 




i 




, 










cs 




ACCESS 
CONTROL 




1 












^ ME -< 












MSEL -^ 




1 


' 






MACLR -^ 


































1 



This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
It is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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FUJITSU 

MICROELECTRONICS 

FLOPPY DISK 
FORMATTER/CONTROLLER (FDC) 



MB8d76A 
MB8877A 



October 1986 
Edition 2.0 



DESCRIPTION 

The Fujitsu MB8876A and 
MB8877A are one-chip Floppy 
Disk Formatter/Controllers (FDC) 
which are fabricated with N-chan- 
nel E/D MOS technology. They 
can be applied to any single den- 
sity floppy disk, double density 
floppy disk and mini floppy disk. 

The IBM3740 format and the fre- 
quency modulation (FM) record- 
ing are used for the single density 



FEATURES 

• Interface to 8-bit 
Microprocessor 

IVIB8876A: Negative-logic 
8-bit Data Bus 

MB8877A: Positive-logic 
8-bit Data Bus 

• IBM Compatible Sector Format 

• Automatic Track Seeking and 
Verification 

• Both Single and Double 
Density Formats 

a) Single Density in IBM3740 
Format and FM Recording 

b) Double Density in IBM 
System-34 Format and 
MFM Recording 

• Programmable Single Sector/ 
Multiple Sectors/Entire Track 
Read Operation 

• Programmable Single Sector/ 
Multiple Sectors/Entire Track 
Write Operation 

• Programmable Side Compare 
Function 

• Programmable Sector Length 

• Programmable Head Step Rate 

• Applicable to Single Density, 
Double Density, and Mini 
Floppy Disks 



storage, and the IBM System-34 
format and the modified frequen- 
cy modulation (MFM) recording 
are used for the double density 
storage. 

The MB8867A and MB8877A inter- 
face with an 8-bit parallel micro- 
processor to control data transfer 
and mechanical operation. They 
are packaged in a standard 40-pin 
dual in-line package. 



• Programmable Head 
Engage/Head Settle Time 

• Double Buffered Data I/O 

• DMA Data Transfer Capability 

• Write Precompensation 
Capability 

• All TTL Compatible I/O 

• Single + 5V Power Supply 

• N-Channel Silicon-gate 
E/D MOS Process 

• MB8876A: Upward 
Compatible with 
Western Digital FD1791-02 

• MB8877A: Upward 
Compatible with 
Western Digital FD1793-02 

• Two Package Options 

— 40-pln Ceramic DIP (Suffix: -C) 
— 40-pln Plastic DIP (Suffix: -P) 




CERAMIC DIP 
DIP-40C-A01 




PLASTIC DIP 
DIP-40P-M01 



PIN ASSIGNMENT 



NO* C 

WE C 

CS C 

RE (Z 

Ao C 

Ai C 

DALO/ DALO C 

DAL1/ DAL1 C 

DAL2/DAL2 C 

DAL3/ DAL3 C 

DAL4/ DAL4 CI 

DAL5/ DAL5 C 

DAL6/DAL6 C 

■ DAL7/DAL7 

STEP C 

DIRC C 

EARLY 

LATE 

MR 

VssCI 




ZI NC* 
Z] IRQ 
D DRQ 
ZI DDEN 
Z] WPRT 
ZlIP 
Z] TROO 



D WF/VFOE 

READY 

WD 
I] WG 
ZI TG43 
ZI HLD 
13 RAW READ 
ZI RCLK 
DRG 
DCLK 
I^HLT 

TEST 

Vcc 



PACKAGE 
DIP-40CA01 

*: No Connection 

( MB8876A: Negative Logic 

I MB8877A: Positive Logic 



This device contains circuitry to protect tlie inputs 
against damage due to high static voltages or electric 
fields. However, it is advised that normal precautions 
be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance 
circuit. 



FUJITSU reserves the right to change products and specifications without notice. This information does not convey any license under 
patent rights of FUJITSU LTD. or others. 
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MB8876A/MB8877A 
PIN DESCRIPTIONS 



Pin No. 


Symbol 


Pin Name 


I/O 


Description 


20 


Vss 


Power Supply 


1 


Ground (GND) 


21 


Vcc 


+5V DC supply 


24 


CLK 


Clock 


1 


2-MHz fixed frequency clock signal (1-MHz for mini-floppy disk). 


19 


MR 


Master Reset 


1 


Signal for resetting the FDC. 


22 


TEST 


Test 


1 


Signal for setting the FDC into a test mode. 


1,40 


NC 


Non Connection 


— 


These pins are not used. 



MPU INTERFACE PINS 



37 




Double Density 


1 


Signal for selectina a FDC operation mode: 
When DDEN = 0, the double density operation mode is selected. 
When DDEN = 1, the single density operation mode is selected. 
This input must be fixed while the FDC is in busy state. 


DDEN 


3 


CS 


Chip Select 


1 


Signal for controlling the DALs: When CS = 0, the DALs are ac- 
tivated and data transfer between the FDC and the MPU is 
enabled. When CS = 1, the DALs are in high impedance state and 
data transfer is inhibited, (i.e., RE and WE are ignored.) 


4 


RE 


Read Enable 


1 


Strobe^gnaJ_provided when data is read from internal registers: 
When CS = RE = 0, data can be read from internal registers. 


2 


WE 


Write Enable 


1 


Strobe signal provided when data is written into internal registers: 
When CS = WE = 0, data can be written internal registers. 


5,6 


Ao,Ai 


Register Select Line 


1 


Signal for addressing an internal register among Command 
Register (CR), Status Register (STR), Track Register (TR), Sector 
Register (SCR) and Data Register (DR): Refer to table of 
REGISTER SELECTION (p. 6). 


7-14 


DALo ~ DAL7 
DALo - DAL7 


Data Access Line 


I/O 


8-bit bidirectional bus for transferring 8-bit data between the FDC 
and the MPU. MB8876A: negative logic/MB8877A: positive logic. 


38 


DRQ 


Data Request 





Signal for informing the MPU of a DR status: Read operation: 
DRQ = 1 shows the DR is filled with a 8-bit data from a disk, and 
the FDC is requesting for the MPU to read the data. Write opera- 
tion: DRQ = 1 shows the DR is empty, and the FDC is requesting 
for the MPU to write the next data into the DR. 


39 


IRQ 


Interrupt Request 





Interrupt signal to the MPU: IRQ is set when a Command is com- 
pleted or the TYPE IV Command is executed. IRQ is reset when 
the next Command is written or the STR is read. 



FLOPPY DISK INTERFACE PINS 
Disk Head Control Signal 



15 


STEP 


Step Move 





Step pulse signal for moving a disk head. 


16 


DIRC 


Direction 





Signal for indicating a direction of disk head moving to the FDD: 
DIRC = shows the head moves toward outside. DIRC = 1 shows 
the head moves toward inside. 


28 


HLD 


Head Load 





Signal for loading a disk head: When HLD = 1, the head is 
engaged on the disk. When HLD = 0, the head is released from 
the disk. 
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MB8876A/MB8877A 
Disk Head Control Signal (Continued) 








Pin No. 


Symbol 


Pin Name 


i/O 


Description 






23 


HLT 


Head Load Timing 


1 


Signal for informing a disk head status: HLT = 1 shows a disk 
head is in an enagaged state. HLT is set when a disk head has 
been settled or a head settle time pre-determined by one shot cir- 
cuit has elapsed after HLD = 1. 




34 


TROO 


Track 00 


1 


Signal for informing whether a disk head is positioned on Track 
No. 00 or not: TROO = shows Track No. 00 is detected during 
track seaking operation. 




32 


READY 


Ready 


1 


Signal for informing the FDC of a disk drive status: READY = 1 
shows the disk drive is ready for operation, and only when 
READY = 1, read/write operation for disk can be executed. READY 
= shows the disk drive is not ready, and neither read/write 
operation cannot be executed. However, seek operation is ex- 
ecuted regardless of this signal. 




35 


IP 


Index Pulse 


1 


Signal for informing the FDC of an index hole of disk being 
detected In the FDD. 






Disk Rea 


d Operatic 


n Signal 








25 


RG 


Read Gate 





Signal for informing synchronization between RCLK and 
RAWREAD to an external VFO circuit: RG = 1 show the FDC has 
found out a SYNC byte during disk reading operation. 






26 


RCLK 


Read Clock 


1 


A data window signal which is generated in an external VFO 
circuit out of Read Data. 




27 


RAWREAD 


Raw Read 


1 


A raw read data signal transferred from the FDD. 






Disk Writ 


e Operatic 


n Signal 








30 


WG 


Write Gate 





Signal for indicating data is being written into a disk. 






17 


EARLY 


Early Shift 


o 


Signal for indicating early pre-compensation of data write timing 
to a disk: EARLY = 1 shows a serial data to be transmitted via 
the WD pin to a disk must be shifted earlier. 




18 


LATE 


Late Shift 





Signal for indicating later pre-compensation of data write timing 
to a disk: LATE = 1 shows a serial data to be transmitted via the 
WD pin to a disk must be shifted later. 




31 


WD 


Write Data 





A write data signal transferred to the FDD. 




29 


TG43 


Track Greater 
Than 43 





Signal for indicating a head position of a disk: TG43 = 1 shows 
the head is located on any Track No. 44 thru 76. TG43 = shows 
the head is located on any Track No. thru 43. 




33 




Write FaultA/ariable 
Frequency Oscil- 
lator Enable 


I/O 


Input signal for informing a fault is detected during write operation 
for a disk (during WG = 1). Output signal for informing the FDC 
is reading a disk (during WG = 0). 




WF/VFOE 




34 


WPRT 


Write Protect 


1 


Signal for Inhibiting write operation for disk. 








- 
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MB8d76A/MB8877A 
REGISTER SELECTION 



Chip 
Select 


1 

Address 


Selected Register 


Data Access Line Status 


CS 


Ai 


Ac 


Read Mode (RE = 0) 


Write Mode (WE = 0) 


DAL7 ~ DALo 
DAL7 ~ DALo 


1 


* 


* 


Deselected 


Deselected 


High Impedance 











Status Register (STR) 


Command Register (CR) 


Enabled 








1 


Track Register (TR) 


Track Register (TR) 


Enabled 





1 





Sector Register (SCR) 


Sector Register (SCR) 


Enabled 





1 


1 


Data Register (DR) 


Data Register (DR) 


Enabled 



Don't care 



TEST — 
MR — 
CLK — 

Vcc - 
Vss — 

(GND) 



MB8876A/MB8877A BLOCK DIAGRAM 



DALq ~ DAL7 / DALq ~ DAL7** 



INPUT 
BUS LINE 



DATA I/O 
Buffer 



DATA REG. 
(DR) 



COMMAND 
REG. (CR) 



DATA SHIFT 
REG. (DSR) 



I AM DET."! 



SECTOR 
REG. (SCR) 



TRACK 
REG. (TR) 




DDEN- 
CS 

RE - 
WE - 

Ao 
A, 

DRQ - 
IRQ - 



MPU 
INTERFACE 



COMMAND 

PLA 
(232 X 19) 



DISK 
INTERFACE 



* MB 8876 A: Negative Logic 
** MB 8877A: Positive Logic 



OUTPUT 
"bus LINE 



STATUS 
REG. (STR) 



-<RAWREAD 



-<RCLK 



STEP 
DIRC 



-^ HLD 

HLT 

TROO 

R^EADY 

IP 

- RG 
-^ WG 
-^ EARLY 
-^ LATE 
-^ TG43 

— - WPRT 

-^ WF/VFOE 



FUJITSU 
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FUNCTIONAL BLOCK DESCRIPTION 

INTERNAL REGISTERS 

• Command Register (CR) 

An 8-blt write-only register, holds the command 
which is being executed. This register should not 
be loaded when the BUSY flag is set (BUSY = 1) 
unless the execution of the current command is to 
be overridden, using the Force Interrupt command. 

• Status Register (STR) 

An 8-bit read-only register, holds the device status 
information. The contents of STR are automatical- 
ly updated according to the status of the execut- 
ing Command. After the STR is read, the IRQ out- 
put is usually reset (IRQ = 0) except for the Type IV 
Command. 

• Data Register (DR) 

An 8-bit read/write used as a holding register dur- 
ing Disk Read and Write operations. In Disk Read 
operations, the serial data assembled in the Data 
Shift Register Is transferred to the DR, where it is 
made available to the data bus. In Disk Write oper- 
ations, parallel data from the data bus is written in- 
to the DR where it is transferred to Data Shift Reg- 
ister. In a Seek Command, the data written Into the 
DR holds the address of the desired Track address. 

• Data Shift Register (DSR) 

An 8-blt shift register which cannot be accessed 
directly through the data bus. The DSR assembles 
serial data from the RAW READ input during Read 
operations and transfers the data to the DR. In 
Write operations, the DSR receives data from the 
DR and serially transfers it out through the WRITE 
DATA output. 

• Track Register (TR) 

An 8-bit read/write register, holds the track number 
of the current disk head position for Restore, Seek, 
Step, Step-in and Step-Out Commands (i.e. TYPE 1 
Commands), and is updated during the Command 
execution. The TR contents are compared with the 
track number (recorded In the disk's ID field) dur- 



ing Read, Write, and Verify operations. The TR 
should not be written to when the device is busy 
(BUSY = 1). 

• Sector Register (SCR) 

An 8-bit read/write register, holds the address of 
the desired sector number. The sector number Is 
written into the SCR prior to the Read and Write 
Data Command execution. It should not be written 
to during busy (BUSY = 1). Executing the Read Ad- 
dress Command causes the SCR to be loaded with 
the track number from the ID field. 



OTHER FUNCTIONAL BLOCKS 

• Cycle Redundancy Check (CRC) Logic 

This logic is used for checking or generating the 
16-bit Cycle Redundancy Check that is in the ID 
and Data fields used for error detection. The poly- 
nominal is: G(X) = X16-h X12 -\-X5+^. 

• Arithmetic/Logic Unit (ALU) 

The ALU Is a serial comparator, incremented and 
decrementer used for register comparisons and 
modifications with the disk record ID fields. 

• Address Mark (AM) Detection Circuit 

A circuit to detect specific bit pattern data in the 
serial data from a disk (i.e. Index Mark, ID Address 
Mark, Data Address Mark). 

• Data Modulator 

A circuit to modulate data to be written onto a disk 
in the specific recording format: Single density 
recording format: Frequency Modulation (FM) 
Double density recording format: Modified Fre- 
quency Modulation (MFM) 

• Programmable Logic Array (PLA) for Commands 

A micro-program to generate control signals (Com- 
mands) which control the FDC operation: The size 
of micro-program is approximately 232 x 19 bits. 
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MB8876A/MB8877A 

BIT STRUCTUKES OF COMMANDS 



MB8876A/MB8877A 



BITS 


TYPE 


COMMAND 


7 


6 


5 


4 


3 


2 


1 







Restore 














h 


V 


ri 


ro 




Seek 











1 


h 


V 


n 


ro 




Step 








1 


u 


h 


V 


ri 


ro 




Step In 





1 





u 


h 


V 


n 


ro 




Step Out 





1 


1 


u 


h 


V 


n 


ro 


II 


Read Sector 










m 


S 


E 


c 





II 


Write Sector 







1 


m 


S 


E 


c 


ao 


III 


Read Address 




1 











E 








III 


Read Track 




1 


1 








E 








III 


Write Track 




1 


1 


1 





E 








IV 


Force Interrupt 




1 





1 


l3 


l2 


h 


lO 



NOTE: Bits shown in TRUE form. 







TABLE 1. STEPPING RATES 




CLK 


2 MHz 


2 MHz 


1 MHz 


1 MHz 


2 MHz 


1 MHz 


DOEN 





1 





1 


X 


X 


RI RO 


TEST = 1 


TEST = 1 


TEST = 1 


TEST = 1 


TEST = 


TEST = 





3 ms 


3 ms 


6 ms 


6 ms 


184/tS 


368/iS 


1 


6 ms 


6 ms 


12 ms 


12 ms 


190mS 


380mS 


1 


10 ms 


10 ms 


20 ms 


20 ms 


198mS 


396ms 


1 1 


15 ms 


15 ms 


30 ms 


30 ms 


208mS 


416^8 



TYPE I COMMANDS 



h = Head Load Flag (Bit 3) 

h = 1, Load head at beginning 
h = 0, Unload liead at beginning 
V = Verify flag (Bit 2) 

V = 1, Verify on destination track 

V = 0, No verify 

riro = Stepping motor rate (Bits 1-0) 

Refer to Table 1 for rate summary 
u = Update flag (Bit 4) 
u = 1, Update Track register 
u = 0, No update 



TYPE II & III COMMANDS 



m = Multiple Record flag (Bit 4) 

m = 0, Single Record 
m = 1, Multiple Records 

ao f = Data Address Mark (Bit 0) 

ao = 0, FB (Data Mark) 

ao = 1, F8 (Deleted Data Mark) 

E = 15 ms Delay (2MHz) 

E = 1, 15 ms delay 
E = 0, no 15 ms delay 

S = Side Select Flag 

S = 0, Compare for Side 
S = 1, Compare for Side 1 

= Side Compare Flag 

C = 0, diable side select compare 
C = 1, enable side select compare 



TYPE IV COMMAND 



li = Interrupt Condition flags (Bits 3-0) 

10 = 1, Not-Ready to Ready Transition 

11 = 1, Ready to No-Ready Transition 

12 = 1, Index Pulse 

13 = 1, Immediate Interrupt 

I3 - Iq = 0, Terminate with no Interrupt 
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STATUS KEGISTER SUMMAfiY 



Command 


Status Bit 1 




7 


6 


5 


4 


3 


2 


1 





All Type 1 


Not Ready 


Write Protect 


Head Loaded 


Seek Error 


CRC Error 


Track 


Index 


Busy 


Read Sector 


Not Ready 





Record Type 


Rec not Found 


CRC Error 


Lost Data 


DRQ 


Busy 


Write Sector 


Not Ready 


Write Protect 


Write Fault 


Rec not Found 


CRC Error 


Lost Data 


DRQ 


Busy 


Read Address 


Not Ready 








Rec not Found 


CRC Error 


Lost Data 


DRQ 


Busy 


Read Track 


Not Ready 














Lost Data 


DRQ 


Busy 


Write Track 


Not Ready 


Write Protect 


Write Fault 








Lost Data 


DRQ 


Busy 



STATUS DESCRIPTION FOR TYPE I COMMANDS 



Bit 


Name 


IVIeaning 


S7 


Not Ready 


This bit when set indicates the drive is not ready. When reset it indicates that the drive is ready. 
This bit is an inverted copy of the Ready input and logically 'ored' with MR. 


S6 


Protected 


When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT input. 


S5 


Head Loaded 


When set, it indicates the head is loaded and engaged. This bit is a logical "and" of HLD and HLT 
signals. 


S4 


Seek Error 


When set, the desired track was not verified. This bit is reset to when updated. 


S3 


CRC Error 


CRC encountered in ID filed. 


S2 


Track 00 


When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted copy of the 
TROO input. 


S1 


Index 


When set, indicates index mark detected from drive. This bit is an inverted copy of the 7P input. 


SO 


Busy 


When set command is in progress. When reset no command is in progress. 



STATUS DESCRIPTION FOR TYPE U AND m COMMANDS 



Bit 


Name 


i^eaning 


S7 


Not Ready 


This bit when set indicates the drive is not ready. When reset, it indicates that the drive is ready. 
This bit is an inverted copy of the Ready Input and 'ored' with MR. The Type II and III Commands 
will not execute unless the drive is ready. 


S6 


Write Protect 


On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write Protect. 
This bit is reset when updated. 


S5 


Record Type/ 
Write Fault 


On Read Record: It indicates the record-type code from data field address mark. 1 = Deleted Data 
Mark. = Data Mark. On any Write: It indicates a Write Fault. This bit is reset when updated. 


S4 


Record Not 
Found (RNF) 


When set, It indicates that the desired track, sector, or side were not found. This bit is reset when 
updated. 


S3 


CRC Error 


If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in data field. 
This bit is reset when updated. 


S2 


Lost Data 


When set, it indicates the computer did not respond to DRQ in one byte time. This bit is reset to 
zero when updated. 


S1 


Data Request 


This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read Operation or 
the DR is empty on a Write operation. This bit is reset to zero when updated. 


SO 


Busy 


When set, command is under execution. When reset, no command is under execution. 
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TRACK FORMAT 




1 


BYTE 
2-129 


130 


131 


DATA OR 
DELETED 

DATA 
ADDRESS 

MARK 


128 BYTES OF USER 
DATA 


CRC 
BYTE1 


CRC 
BYTE 2 




WRITE GATE 
TURN-ON FOR UPDATE 
OF NEXT DATA FIELD 



TRACK FORMAT 



'WHERE HEX 00 OR FF IS OPTIONAL. 
FF IS RECOMMENDED. 



WRITE TURN-OFF 
FOR UPDATE OF 
PREVIOUS DATA FIELD 



"u; 



- INDEX DETECTION 
SECTOR 26/15/8 
^ POST AMBLE**** 



POST AMBLE 





/ 


/ 




































SECTOR 02 


.i 




T ^ 


<v 














^ 




U. 


























— (^ 






) 




















/ / 




) 


( 

) 


GAP 
3 


GAP 

4 


GAP 



SYNC 




GAP 

1 


SYNC 


AMI 


ID 


CRC 


GAP 
2 


SYNC 


AM2 


DATA 


CRC 


GAP 
3 


SYNC 


/ / i 


GAP 
4 


"i 


( 
























DATA 










((/ y . 










INDEX 






ID 










or 










/ / 










ADDRESS 






ADDRESS 










DELETED 








/ 












MARK 






MARK 










DATA 
MARK 








/ 


/ 


SINGLE 

DENSITY 

(FM) 


> a 
CO z 


40 


6 


1 


26 


6 


1 


4 


2 


11 


6 


1 


128 
256 
512 


2 


27 
42 
58 


247 
170 
311 


".(SS.) 


< 






















FB* 












(FM) 


1- 

2 


FF 


00 


FC* 


FF 


00 


FE* 






FF 


00 


or 
F8* 


(DATA) 




FF 


FF 




DOUBLE 
DENSITY 
(MFM) 


UJ (0 

^z 


80 


12 


3 


1 


50 


12 


3 


1 


4 


2 


22 


12 


3 


1 


256 

512 
1024 


2 


54 
84 
116 


598 
400 
654 


l(5S.) 






























FB 












(MFM) 


< 


4E 


00 


02* 


FC 


4E 


00 


A1* 


FE 






4E 


00 


Al* 


or 
F8 


(DATA) 




4E 


4E 









Shows to have missing clock. 

Shows the ID field 

Shows the cyclic Redundancy check polynonnial G(X) = X" -f X^ + X''^ + x""^ 

See the most right column for its byte numbers and data. 
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SECTOR FORMAT 



MB8876A/MB8877A 



SECTOR 1 


ID FIELD 




DATA FIELD | 


SYC 


ID AM 


TRACK 
NUMBER 


SIDE 
NUMBER 


SECTOR 
NUMBER 


SECTOR 
LENGTH 


CRC1 


CRC2 


GAP 2 


SYNC 


DATA 
AM 


DATA 


CRC1 


CRC2 


GAP 3 


6 
bytes 


1 
byte 


1 
byte 


1 
byte 


1 
byte 


1 
byte 


1 
byte 


1 
byte 


11 
bytes 


6 
bytes 


1 
byte 




1 
byte 


1 
byte 


27/42/58 
bytes 


12 
bytes 


4 
bytes 


1 
byte 


1 
byte 


1 
byte 


1 
byte 


1 
byte 


1 
byte 


22 

bytes 


12 
bytes 


4 
byte 




1 
byte 


1 
byte 


54/84/116 
bytes 




i 


i 


i 


i 


\. 


i^ 




(00)H * * for-128 Bytes/Sector data 
(01)H for 256 Bytes/Sector data 
(02)H 412 Bytes/Sector data 
(03)H for 1024 Bytes/Sector data 

■ (01)H to (1A)H for 26 Sector/Track format 
(01 )H to (OF)H for 15 Sector/Track format 
(01 )H to (08)H for 8 Sector/Track format 

(00)H for Side of single-side of double-side disk 
(01)H for Side 1 of double-side disk 

(00)H to (4A)H for Track thru Track 74* * * 

























































(FM) 



(MFM) 



NOTE 



Byte number of this column is defined in the SECTOR LENGTH column. 
"H" after parentheses show that the parenthesized figures are hexa-decimal. 
Track 75 and 76 are usually used for correction. 



MB8876A/MB8877A TYPICAL SYSTEM CONSTRUCTION 



c 



2MHz or 

MR 1MHz +5V 



DDEN 



OS 



WE 



Aq, Ai 



c> 



DALq ~ DAL 



DALo ~ DA 






DRQ 



CLK V 

MB 8876A 

MB 8877A 

(FDC) 



INTERNAL 
REGISTER 



COMMAND REG. 



STATUS REG. 



TRACK REG. 



SECTOR REG. 



DATA REG. 



DIRC 



Tj 



ONE 
SHOT 



TROO 



VFO 
CIRCUIT 



READ 



DATA 



+5V 
ibK 



WRITE 

PRECOM- 

PENSATION 

CIRCUIT 



VFOE 
WRITE 



DATA 



WF/VFOE 



MB 8876A: Negative Logic 
MB 8877A: Positive Logic 
Open Collector Output 



T 



<y 



VA/P 



FLOPPY DISK 
DRIVE 
(FDD) 
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IBM 3740 Format 

This single-density (FM) format utilizes 128 bytes/ 
sector. The bytes to be generated by the systenn 
MRU for use in the execution of the Write Track conn- 


IBM System 34 Format 

This double-density (MFM) format utilizes 256 bytes/ 
sector. The bytes to be generated by the system 
M PU for use i n the execution of the Write Track com- 


nnand are shown below. 


mand are shown below. 




Data 
Byte 
(hex) 


Naof 
Bytes 


Comments 




Data 
Byte 
(hex) 


No. Of 
Bytes 


Comments 




FF 


40-_ 


_Gap5 
Post Index) 


4E 


80-_ 


_Gap5 
(Post Index) 




00 


6- 






00 


12- 








FC 


1 


Index AM 




F6 


3 


Writes C2 






r- 


FF 
00 


26"- 
6_ 


-Gap 1 




FC 
4E 


1 

50" 
12_- 


Index AM 








FE 


1 


ID AM 






00 


-Gap 1 








XX 


1 


Track Number 
(00-4A) 






F5 


3 


Writes ID AM 
Sync Bytes 








OX 


1 


Side Number 
(00 or 01) 






FE 
XX 


1 
1 


ID AM 

Track Number 








XX 


1 


Sector Number 
(01-1 A) 






OX 


1 


(00-4C) 
Side Number 




ONE _ 




00 


1 


Sector Length 
(128 bytes) 






XX 


1 


(00 or 01) 
Sector Number 




SECTOR 

® 




F7 

FF 
00 
FB 
E5 


1 

11"]- 
6 J 
1 
128 


Causes 2-Byte CRC 
to be Written 

-Gap 2 (ID Gap) 

Data AM 
Data Field 


ONE _ 
SECTOR 

® 




01 
F7 
4E 


1 

1 

22'- 

12- 

3 

1 


(01-1 A) 

Sector Length 
(256 Bytes) 

Causes 2-Byte CRC 
to be Written 

•Gap 2 (ID Gap) 








F7 
FF 


1 

27 
247 


Causes 2-Byte CRC 
to be Written 

Part of Gap 3 
(Data Gap) 






00 
F5 

FB 


Writes ID AM 
Sync Bytes 

Data AM 






FF 


Gap 4 






40 


256 


Data Field 










(Pre-lndex) 






F7 


1 


Causes 2-Byte CRC 
to be Written 








Notes: 1. This pattern must be written 26 times per track 
2. Continue writing Hex FF until FDC completes 
sequence and generates INTRQ interrupt. 




— 


4E 


54 
598® 


Part of Gap 3 
(Data Gap) 








4E 


Gap 4 
(Pre Index) 




Notes: 1.TI 


lis pattern must be written 26 times per track. 






2. Continue writing Hex 4E until FDC completes 
sequence and generates INTRQ interrupt. 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Symbol 


Rating 


Unit 


Voltage on any pin 


VcC. V|N, VoUT 


Vss-0.3toVss+7.0 


V 


Operating Temperature 


Ta 


0to70 


°C 


Storage Temperature 


"•"stg 


-55 to +150 


°c 



Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation should be restricted to the conditions as detailed 
in the operational sections of this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Unit 


Operating Temperature 


Min 


Typ 


Max 


Supply Voltage 


Vcc 


4.75 


5.00 


5.25 


V 


OX to +70'*C 


Vss 


— 





— 


Input High Voltage 


V|H 


2.0 


— 


Vcc 


V 


Input Low Voltage 


V|L 


-0.3 


— 


0.8 


V 



DC CHARACTERISTICS 

(Recommended Operating Conditions unless othenwise noted.) 



Parameter 


Symbol 


Value 


Unit 


Min 


Typ 


Max 


Output High Voltage (Iqh = -200^A) 


Vqh 


2.4 


— 


— 


V 


Output Low Voltage (Iql = 1.8mA) 


Vol 


— 


— 


0.4 


V 


Three-State (Off-State) Input Current (V|n = 0.4V to 2.4) 


Itsi 


— 


- 


10 


^A 


Input Leakage Current (See Note 1) 


l|N1 


— 


— 


2.5 


/.A 


Input Leakage Current (See Note 2) 


•|N2 


— 


- 


100 


^A 


Output Leakage Current for Off-State (Vqh = 2.4V) 


■loh 


— 


— 


10 


^A 


Power Consumption 


Pd 


— 


— 


350 


mW 



Notei) Except f or HLT , TEST, WF, WPR T, and DDEN. (V|n = to 5.25V) 
2) For HLT, TEST, WF, WPRT, and DDEN. (V|n = to 5.25V) 
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AC CHASACTERISTICS 

(Recommended Operating Conditions unless othenwise noted.) 

MPU Read Timing (From fdc) 



Parameter 


Symbol 


Value 


Unit 


Mm 


Typ 


Max 


Address Setup Time 


tSET 


50 


— 


— 


ns 


Address Hold Time 


♦hld 


10 


— 


— 


ns 


RE Pulse Width 


tRE 


280 


— 


— 


ns 


DRQ Reset Time 


tQRR 


— 


— 


250 


ns 


IRQ Reset Time 


t|RR 


— 


— 


500 


ns 


Data Delay Time (Cl = 25pF) 


tDACC 


— 


— 


250 


ns 


Data Hold Time (Cl = 25pF) 


toOH 


50 


— 


150 


ns 


DRQ Service Time (RCLK Cycle = 2/ts) 


tSEVR 


— 


— 


13.5* 


JLIS 



: These values are doubled when CLK = 1MHz. 



READ TIMING 



DRQ 



CS 

Ao,A, 



DAL/DAL 



^ 



X2W 



^SET 



.8V 



O.SV^L 



1.6ms* (MFM) or ^ 32/us* (FM)- 

0.4V 

_ R — -A 
^SEVR- 



h- ^DRR —I 



T|RR- 



-tRE- 



HIGH-Z 



2.4V . r 
0.4V% 



A 



> 



4V 



Imp'/' 



^HLD 



2.0V 
,8V 



0.4V 



,r 



— iDOH 
2.4V HIGH-Z 
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MPU Write Timing (To fdc) 



MBd876A/MBdd77A 



Parameter 


Symbol 


Value 


Unit 


Min 


Typ 


Max 


Address Setup Time 


tSET 


50 


— 


— 


ns 


Address Hold Time 


*HLD 


10 


— 


— 


ns 


WE Pulse Width 


tWE 


200 


— 


— 


ns 


DRQ Reset Time 


^DRR 


— 


— 


250 


ns 


INTRQ Reset Time 


t|RR 


— 


— 


500 


ns 


Data Setup Time 


tDS 


250 


— 


— 


ns 


Data Hold Time 


^DH 





— 


— 


ns 


DRQ Service Time (DDEN = "L") 


^SE\AA/ 


— 


— 


11.5* 


^s 



: These values are doubled when CLK = 1MHz. 



WRITE TIMING 



cs 

Ao, A, 



DAL/DAL • 



y* 



:xi 



2.0V 
18V 



16)us* (MFM) or 32ms* (FM)- 
4V 



f— ^DRR •A 



zov\ 

0.8V^^ 



-tSEVW- 



<I 



2.0V 
SV 



-twE- 



y. 



Q.8V, \ 



>^0.8\ 



,0V 
,8V 



2.0V\ 
0.8V,' 



/0-4 



HIGH-Z 



*: These values are doubled when CLK = 1MHz. 
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MB8876A/MB8877A 

FDC Read Data Tuning (From Disk) 



Parameter 


Symbol 


Value 


Unit 


Min 


Typ 


Max 






tpw 


100 


— 


250* 


ns 


RAWREAD Pulse Width 


Clock Setup Time 


to 


40 


— 


_ 


ns 


Clock Hold Time for MFM 


tCD 


40 


— 


— 


ns 


Clock Hold Time for FM 


tcs 


40 


— 


— 


ns 




MFM 


tec 


— 


2*, 3* or 4* 


— 


fxS 


RAWREAD Cycle Time 


FM 


— 


2* or 4* 


— 


fiS 


RCLK High Pulse Width 


MFM 


tA 


0.8 


1* 


20 


/iS 


FM 


0.8 


2* 


20 


/IS 


RCLK Low Pulse Width 


MFM 


tB 


0.8 


1* 


20 


fiS 


FM 


0.8 


2* 


20 


flS 


RCLK Cycle Time 


MFM 


to 


— 


2* 


— 


lis 


FM 


— 


4* 


— 


,iS 



*: These values are double when CLK = 1MHz. 



READ DATA TIMING 



RAW READ 



O.SVJ g 






tpw 



).8V 



-tBC- 



-^cs- 



-tcD- 



2.0V 



V 



0.8V^5 /O. 



2.0V 
,8V 



h--tcs-** 



-^CD- 



).8V 



X 



2.0 V 
,8V 
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MB8876A/MB8d77A 



FDC Write Data Timing (To Disk) 



Parameter 


Symbol 


Conditions 


Value 


Unit 


Min 


Typ 


Max 


Write Data Pulse Width 


twD** 


CLK = 2 MHz 


FM 


450 


500 


550 


ns 


MFM 


150 


200 


250 


Write Gate To Write Data 


two** 


CLK = 2 MHz 


FM 


— 


2 


— 


fiS 


MFM 


— 


1 


— 


Write Gate off from WD 


twF** 


CLK = 2 MHz 


FM 


— 


2 


— 


fiS 


MFM 


1 


— 


2 


Early (Late) to Write Data 


ts 


CLK = 2 MHz 


MFM 


125 


— 


— 


ns 


Early (Late) from Write Data 


tH 


CLK = 2 MHz 


MFM 


-50* 


— 


— 


ns 


WD Valid to GLK 


tD1 


CLK = 1 MHz 


MFM 


200 


— 


— 


ns 


CLK = 2 MHz 


MFM 


30 


— 


— 


WD Valid after CLK 


^D2 


CLK = 1 MHz 


MFM 


50 


— 


— 


ns 


CLK = 2 MHz 


MFM 


50 


— 


— 



: This value, -50ns (min) indicated that Early (Late) signal changes 50ns (min) before WD falls down in worst case. 
See DISK DATA OUTPUT TIMING. 

: All times are doubled when CLK = 1 MHz. 



WRITE DATA TIMING 



WG 



4VJf 



2.4V 



rt 



-twf 
4V 



y^ 



V 



%V-i^ 



r 



— f— — ^D2-*-j 

— t 



\ 




4-41 



FUJITSU 

. MICROELECTRONICS^ 



MB6876A/MB8877A 
OTHER TIMINGS 







Symbol 


Value 


Unit 


Parameter 


Min 


Typ 


Max 


CLK Low Pulse Width 


tCD1 


230 


— 


20000 


ns 


CLK High Pulse Width 


tCD2 


200 


— 


20000 


ns 


STEP Pulse Width 


MFM 


tSTP 


2* 


— 


— 


fiS 


FM 


4* 


— 


— 


ixs 


DIRC Setup Time 


tpiR 


12* 


— 


— 


IMS 


MR Pulse Width** 


^MR 


50* 


— 


— 


fiS 


IP Pulse Width 


t|P 


10* 


— 


— 


fiS 


WF Pulse Width 


tWF 


10* 


— 


— 


fiS 


CLK Cycle Time 


tCYC 


— 


0.5* 


— 


fiS 



: These Values are doubled when CLK = 1MHz. 

: During Master Reset, CLK of more than 10 cycles are required. 



OTHER TIMINGS 



O.SV^r 



0.8V\ 



o.svNt 



_t,p_ 



-%F- 



-tCYC- 



rov\ 

0.8V\i 



/0.£ 



J ^0.8 



/ 



0.8V 



-tCD2- 



2.0V 
0.8V 



STEP-IN 



/ 



2.4V 
^DIR 



3^0.' 



-tSTP- 



x: 



/■ 



STEP-OUT 
^0.4V 



Kr~\. 
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MB8876A/MB8877A 



PACKAGE DENAENSIONS Dimensions in inches (millimeters) 



40-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(Case No.: DIP-40C-A01) 



A 



R.050(1.27) 
REF 



^) 



O 



2.020(51.31) 



.585(14.86) 

.605(15.38) 

.590(14.99) 
.610(15.49) 



08(0.20)/ 



-^ ^— .060(1. 52)MAX 



c 



mm 




.177(4.50)MAX 



JU 



1.900(48.26)REF 



.040(1.02) 
.060(1.53) 



©1986 FUJITSU LIMITED D40006S-1C 



40-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(Case No.: DIP-40P-M01) 



nnnnnnnnnnnn 


rnnnnnnnn 




/(EJECTOR MARK) 

\ 




) 




^-^ Ij 


■ uuuuuuuuuuuu 


uuuuuuuu 


2.045(51 .95) . 




2.071(52.60) 





.533(13.55) 

.553(14.05) 

.590(14.99) 
.610(15.49) 

1 



L 



-.090(2.29)MAX 




118(3. 00)MIN 
.020(0.51 )MIN 

©1985 FUJITSU LIMITED D40005S-1C 
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Preliminary 



Advanced Products 



FUJITSU 



MB89311 

CMOS Floppy Disk 
Controller/Formatter 



October 1 986 
Edition 1 .0 



Description 



The Fujitsu MB89311 is a floppy disk controller/formatter (FDC) 
designed as an enhanced version of the conventional MB8877A. 

The MB89311 Is designed based on the MB8877A architecture. 
Some inconveniences of the MB8877A are eliminated on the 
MB89311, and several new commands are added. It can support 
micro- (3" or 3.5" double-density), mini- (5.25" double-density), 
and standard (8" single- or double-density), floppy disk drives. 
When combined with the MB4107 variable frequency oscillator 
(VFO), an economical floppy disk drive interface can be created 
with a minimum of parts. 

The MB89311 is fabricated by the silicon-gate CMOS process, 
and packaged in a 28-pin plastic DIP. It has TTL compatible 
inputs/outputs. Operation is with a single +5V power supply with 
low power consumption. 



Features 



I Single +5V power supply 

I TTL compatible I/O 

I IBM & ISO compatible disk 

formats 
I Track seeking with automatic 

verification 



Enhancements 



■ Silicon-gate CIVIOS process 

■ 28-pin plastic DIP (Suffix -P) 

■ Built-in programmable write 
precompensation 
(125ns/250ns for all tracks at 
CLK = 8MHz, 250ns/500ns 
at CLK = 4MHz) 

■ For lost data error, abnormal 
termination after sector read 
or write completion 

■ Extended mode commands: 
Read-after-seek, write-after- 
seek, delay, and format 
commands are added. 



I Multiple-sector read/write 

operation 
I Track read/write/initialize 

operation 
I Program/DMA data transfer 
I Single density/double 

density 



I No restrictions on the RCLK 

frequency in gap between 

ID and data fields. 
I Step rate: 1ms to 30ms, 

Settling time: 15ms to 60ms 
I Record length: 128, 256, 512, 

1024, 2048, 4096, and 8192 

bytes/sector 
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MB89311 



Logic Symbol 

and Pin Assignment 



PROCESSOR 
INTERFACE 



A1, AO • 
D7-D0 - 



DRQ -•- 
IRQ -•- 



U 



CLK (4MHz/ 
8MHz) 



FLOPPY DISK DRIVE 
(FDD) INTERFACE 



T 



-^ DIRC/RG 
RCLK 



-► WG 
WPRT 



READY 

IP 

TROO 



WEC 1 ^^ 


28 


P Vcc 


RE C 2 


27 n IRQ 


AO C 3 


26 


D DRQ 


A1 C 4 


25 


Zl WPRT 


DO C 5 


24 


Zl IP 


D1 C 6 TOP 


23 


Zl TROO 


D2 C 7 VIEW 


22 


Z] READY 


D3 C 8 


21 


Z] WD 


D4 C 9 


20 


Zl WG 


D5 C 10 


19 


Z] RAW READ 


D6 C 11 


18 


D RCLK 


D7 CI 12 


17 


Z] STEP 


MR [Z 13 


16 


Z] DIRC/RG 


GND C 14 


15 


Z] CLK 



Blocic Diagram 



IDATA OUTPUT BUFFER! 



DATA 

REGISTER 

(PR) 



COMMAND 
REGISTER 
(CR) 



DATA SHIFT 

REGISTER 

(DSR) 



AM DETECTOR 



SECTOR 

iH REGISTER 

(SCR) 



^;ir 



ras 1 

I GENERATOR T 



TRACK 

REGISTER 

(TR) 



■a 



zhB^^ 



STATUS 

REGISTER 

(STR) 



DRQ 
IRQ 



WE 
AO 



<= 



INSTRUCTION 

PLA 

(232 X 19) 



0-« 

uj o^ 
a. 

Z — 

^ 

(0 
Q 



IP 

TROO 
READY 
STEP 
DIRC/RG 



This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields. However, it is advised that normal precautions 
be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance 
circuit. 
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Pin Descriptions 



TheMB89311 FDC has two 

interfaces: One is the 

processor interface; MR, RE, WE, 
and A1 & AO inputs, D7-D0 
inputs/outputs, and DRQ & 



IRQ outputs which are used 
for the processor to control 
the FDC. The other is the 
floppy disk drive (FDD) 
interface; STER DIREC/RG, 



WG, a nd WD outpu ts, and 
RCLK, RAW R EAD. WPRT, 
READY, TROO, IP inputs, 
which are used for the FDC to 
control the FDD. 



Power Supply & Clock 



Processor Interface 



Floppy Disk Drive Interface 



Symbol 


Number TVpe 


Name & Function 


Vcc 


28 — 


+5Vdc power supply pin. 


Vss 


14 — 


Power supply ground pin. 


CLK 


15 1 


Clock input: Basic timing clock for internal circuits. 8MHz and 
4MHz frequencies are required for 500K bits/s data transfer 
rate in MFM (250K bits/s in FM) and 250K bits/s in MFM (125K 
bits/s in FM). The CLK signal is required also during a reset. 


MR 


13 1 


Master Reset: A low level on this pin stops FDC operation, and 
initializes its internal state. The CLK signal is required also during 
a reset. 


RE 


2 1 


Read Enable: Strobe signal for reading data from the internal 
register addressed by A1 and AO. 


WE 


1 1 


Write Enable: Strobe signal for writing data into the internal 
register addressed by A1 and AO. 


A1,A0 


4,3 1 


Register Select Line: Signal for addressing an internal register 
(CR, STR, TR, SCR, orDR). 


D7-D0 


12-5 I/O 


Data Access Line: 8-bit bidirectional three-state_data bus. 
These lines go to a high impedance state when RE and WE are 
high. 


DRQ 


26 


Data Request: Notifies the processor when new data must be 
read from or written into the data register. This pin is an 
open-drain output and must be pulled up by an external lOkQ 
resistor. 


IRQ 


27 O 


Interupt Request: Set when a command completes, terminates, 
or a force interrupt command is specified. This pin is an 
open-drain output and must be pulled up by an external lOkQ 
resistor. Undefined at power-on. 


STEP 


17 


Step: Signal for moving disk head. One pulse is generated to 
move the head by one track. 


DIRC/RG 


16 


Direction/Read Gate: During disk head operations, when this 
signal is low, the head moves to the outside, and when high, to 
the inside. During read operations, when this signal is high, it 
indicates that read data has been synchronized. 


RCLK 


18 1 


Read Clock: A data window signal for the raw read data from 
disk. This signal is generated by an external VFO circuit. 




D19 1 


Raw Read Data: Serial raw data read from disk, containing clock 
and data bits. 


RAW REAl 


WG 


20 O 


Write Gate: This signal is high when valid data is being written 
to disk. 


WD 


21 


Write Data: Serial write data pulses to be written to disk. 




25 1 


Write Protect: Signal for inhibiting write operation to disk. 
When this signal is low, write operation is disabled. 


WPRT 


READY 


22 1 


Ready: When this signal is high, the disk drive is ready for 
operation. Commands except for Type 1 commands can be 
executed if this signal is high. 


TROO 


23 1 


Track 00: When this signal is low, it indicates that the disk head 
is positioned at track 00. 


IP 


24 1 


Index Pulse: Pulsed low each time the index hole of the floppy 
disk is detected. 
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MB89311 



Functional Description 



Register Set 

The MB89311 FDC contains 
the following five registers to 
execute commands and 
indicate status: 

• Command register (CR) 

• Status register (STR) 

• Track register (TR) 

• Sector register (SR) 

• Data register (DR) 



Register Selection 

A1 AO Read Mode (RE = 0) Write Mode (WE = O) 









status register 


Command register 





1 


Track register 


Track register 


1 





Sector register 


Sector register 


1 


1 


Data register 


Data register 



FUJITSU 



These registers are addressed 
by register select lines A1 and 
AO under RE and WE control. 



Command Words 

The FDC's operations are 
defined by commands, that 



are divided into four groups: 
Types I, II, III, and IV. Each 
group contains one to five 
command(s). Each command 
has flags that define detailed 
operation of the command. 

The FDC has two command 
modes, the 8877 mode (which 



emulates the MB8877 
command set) and the 
extended mode (in which 
additional commands can be 
used). Either of these two 
modes can be selected by the 
assign command. 



Command Summary (1): 8877 Mode Command Set 
Code 



Type 


Name 


MSB 








LSB 


Function 




Restore 














X 


V 


r1 


rO 


Moves head to track 0. 




Seek 











1 


X 


V 


r1 


rO 


Moves head to a desired track. 


1 


Step 








1 


u 


X 


V 


r1 


rO 


Moves head one track. 




Step-in 





1 





u 


X 


V 


r1 


rO 


Moves head one track to inside. 




Step-out 





1 


1 


u 


X 


V 


r1 


rO 


Moves head one track to outside. 


II 


Read data 










m 


s 


E 


C 


L 


Reads data (data field) from disk. 


Write data 







1 


m 


s 


E 


C 


aO 


Writes data (data field) to disk. 




Read address 




1 











E 








Reads ID field from disk. 


III 


Read track 




1 


1 








E 








Reads all data from one track. 




Write track 




1 


1 


1 





E 








Writes all data to one track. 




Assign parameter 




1 


1 


1 


1 


1 





1 


Selects operation timing. 


IV 


Assign mode 




1 


1 


1 


1 


1 


1 





Selects operation mode. 




Force interrupt 




1 





1 


13 


12 


11 


10 


Generates interrupt (IRQ). 
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Functional Description 

(Continued) 



Command Summary (2): Extended Mode Command Set 
Code 



Type 


Name 


IMSB 








LSB 


Function 




Restore 

















V 








Moves head to track 0. 




Seek 











1 





V 








Moves head to a desired track. 


1 


Step 








1 


u 





V 








Moves head one track. 




Step-in 








1 


u 





V 





1 


Moves head one track to inside. 




Step-out 








1 


u 





V 


1 





Moves head one track to outside. 




Read-after-seek 





1 








S 


1 


c 


L 


Reads one sector data after seek. 


II 


Write-after-seek 





1 


1 





S 


1 


c 


aO 


Writes one sector data after seek. 


Read data 










m 


S 


E 


c 


L 


Reads data (data field) from disk. 




Write data 







1 


m 


S 


E 


c 


aO 


Writes data (data field) to disk. 




Read address 




1 











E 








Reads ID field from disk. 


III 


Read track 




1 


1 








E 








Reads all data from one track. 


Write track 




1 


1 







E 








Writes all data to one track. 




Format 




1 


1 







E 





1 


Formats disk. 




Delay 




1 


1 














Generates interrupt after a set time. 




Assign parameter 




1 


1 











1 


Selects operation timing. 


IV 


Assign mode 




1 


1 








1 





Selects operation mode. 




Reset 




1 


1 








1 


1 


Resets FDC. 




Force interrupt 




1 







13 


12 


11 


10 


Generates interrupt (IRQ). 





Flag Summary 



Type 


Symbol 


Function 




u 




Update of track register 


1 


V 




Verify at destination track 




r1, 


rO 


Step rate of STEP pulse 




m 




Multiple sectors 


II 


S 




Side number 




aO 




Data address mark 


III 


C 




Side compare 


L 




Long read (CRC read) 


IV 


13- 


10 


Interrupt 
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Functional Description 



Status Words 

Status words, which are 
automatically held in the status 
register, show the status of the 
executing command, executed 
command, and conditions of the 
FDD. The system processor 



and FDD conditions, reading the 
status register. 



When the FDC receives a 
command, the status register 



can monitor the FDC operations is automatically preset at the 



start of the command 
execution. Each status bit is 
internally updated (set or 
reset) during the command 
execution, and the status word 
is established at the 
completion of the command. 



Status Word Summary 



Command 



Type I All commands 



Type 11 



Read data & 
Read-after-seek 



Write data & 
Write-after-seek 



Read address 



Type III Read track 



Write track 



Format 



Force 
Interrupt 



Type IV 



Status Bit 



STR7 STR6 STR5 STR4 STR3 STR2 STR1 STRO 



Not Write 
Ready Protect 



Seek CRC Track 
Error Error 00 



Index Busy 



Not D/M 
Ready N/F 



Rec. 
Type 



Rec. CRC Lost 
N/F Error Data 



Data 
Request 



Busy 



Not 
Ready 



Rec. 
N/F 



CRC Lost 
Error Data 



Data 
Request 



Busy 



Not 
Ready 



Rec. CRC Lost 
N/F Error Data 



Data 
Request 



Busy 



Not Write 
Ready Protect 



Lost 
Data 



Data 
Request 



Busy 



Not Write 
Ready Protect 



Lost 
Data 



Data 
Request 



Busy 



Not Write 
Ready Protect 



Illegal Lost Data Busy 
Length Data Request 



In accordance with the executing commands. 



Not Write 
Ready Protect 



Track 
00 



Index 



Reset command & 
Master reset 



In accordance with Type I commands. 



Delay, Assign 
Parameter & Mode 



Not 
Ready 



Busy 



Notes: Rec. = Record, N/F = Not Found 

D/M N/F = Data Mark Not Found. This status bit Is valid in extended mode only. In 8877 mode, this 
bit Is "0". 
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Functional Description 

(Continued) 



Status Bit Function Summary 



Command Status 



Status 
Bit 



Function 



Type I 



Type II 
& 
Type III 



Not Ready 



STR7 



1 = FDD is not ready: Not Ready = READY + MR. 



Write Protect STR6 



1 = Write operation is inhibited: Write Protect = WPRT. 



Seek Error 



STR4 



1 = Verify operation was unsuccessful. 



CRC Error 



STR3 



1 = CRC check error occurred. 



Track 00 



STR2 



1 = Disk head is positioned at track 0: Track 00 = TROO. 



Index 



STR1 



1 = Index hole was detected. Index = INP 



Busy 



STRO 



1 = FDC is executing a command. 



Not Ready 



STR7 



1 = FDD is not ready. Not Ready = READY + MR. 



Write Protect 

Data Mark 
Not Found* 



STR6 



1 = Write operation is inhibited. Write Protect = WPRT. 

1 = Data mark was not found within required byte 
interval after ID mark detection. 



Record Type STR5 



1 = Data address mark was deleted data mark. 



Record 
Not Found 



STR4 



1 = Desired track and sector were not found. 



CRC Error 



STR3 



1 = CRC check error occurred. 



Lost Data 



STR2 



Data Request STR1 



1 = Data was not read from or written to data register 
within required time interval. 

1 = DRQ is currently active. Data Request = DRQ. 



Busy 



STRO 



1 = FDC is executing a command. 



*For read data and read-after-seek commands in extended mode only. 



Absolute 

Maximum Ratings (Note) 



Rating 



Parameter 


Symbol 


Min 


Max 


Unit 


Note 


Supply Voltage 


Vcc 


Vss-0.3 


Vss+7.0 


V 




Vss 







V 




Input Voltage 


V,N 


Vss-0.3 


Vss+7.0 


V 


Should not exceed 
Vcc+0.5V 


Output Voltage 


VOUT 


Vss-0.3 


Vss+7.0 


V 


Should not exceed 
Vcc+0.5V 


Operating Temperature 


Ta 


-40 


+85 


"C 




Storage Temperature 


"•^STG 


-55 


+150 


OQ 





Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



Recommended 

Operating 

Conditions 



Value 



Parameter 



Symbol Min TVp Max Unit Note 



Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vss 









V 


Operating Temperature 


Ta 


-40 




+85 


°C 



FUJITSU 
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DC Characteristics 

(Recommended operating 

conditions unless otherwise 

noted). 

(Vcc = +5V ± 10%, GND = OV, 

TA = -40°Cto+85°C) 



Value 



Parameter 


Symbol 


Min 


Max 


Unit 


Test Condition 


Input Low Voltage 


V,L 


-0.3 


0.8 


V 




Input High Voltage 


V,H 


2.2 


Vcc 


V 




Output Low Voltage 


Vol 




0.45 


V 


loL = 2.5mA 


Output High Voltage 


Vqh 


2.4 




V 


loH = -400/.A 


Vcc-0.4 




V 


loH = -100/iA 


Input Leakage Current 


l|L 


-10 


+10 


M 


OV<V,N<Vcc 


Output Leakage Current 


'OFL 


-10 


+10 


/iA 


OV<VouT<Vcc 


Standby Current 


Ice 




10 


mA 




Input Capacitance 


C|N 




10 


PF 


Vcc = GND = OV 


Output Capacitance 


Cqut 




20 


PF 


Ta = 25°C 


I/O Capacitance 


C|/o 




20 


pF 


measured pin are OV 



AC Characteristics 

(Recommended operating 

conditions unless otherwise 

noted). 

(Vcc = +5V ± 10%, GND = OV, 

TA = -40°Cto+85°C) 



CPU Read Timing (from FDC) 



Value 



Parameter 


Symbol 


Min 


Max 


Unit 


Test Condition 


Address Setup Time (to REi) 


tsET 


50 




ns 




Address Hold Time (from(REt) 


^HLD 


15 




ns 




RE Pulse Width 


tRE 


150 




ns 




Data Delay Time (from REi) 


toACC 




120 


ns 


Cl = 150pF 


Data Hold Time (from REt) 


*DOH 


10 


75 


ns 


Cl = 150pF 


DRQ Service Time 
(from DRQ to REt) 


*SEVR 




13.5 


fIS 


tc =2/ys 


DRQ Release Time 
(from REI to DQRi) 


toRR 




150 


ns 




IRQ Release Time 
(from REi to IRQi) 


t|RR 




500 


ns 





FUJITSU 



CPU Write Timing (to FDC) 



Parameter 



Value 



Symbol Min 



Max 



Unit Test Condition 



Address Setup Time (to WEi) 


tsET 


50 




ns 


Address Hold Time (from WEt) 


tHLD 


10 




ns 


WE Pulse Width 


twE 


100 




ns ' 


Data Setup Time (to WEt) 


tos 


100 




ns 


Data Hold Time (from WEt) 


toH 







ns 


DRQ Service Time 
(from DRQ to WEt) 


tSEVW 




9.5* 


fJS 


DRQ Release Time 
(from WEi to DQRi) 


tORR 




150 


ns 


IRQ Release Time 
(from WEi to IRQI) 


t|RR 




500 


ns 



* This value is doubled when CLK = 4MHz. 
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AC Characteristics 

(Continued) 

(Recommended operating 

conditions unless otherwise 

noted.) 

(Vcc = +5V ± 10%, GND = OV, 

TA = -40°Cto+85°C) 



FDC Read Timing (from FDD) 



Value 



Parameter 


Symbol 


Min 


lyp 


Max 


Unit 


Test Condition 


RAW READ Pulse Width 


tpw 


100 






ns 






tec 




*2.*3.*4 




fJS 


MFM 


RAW READ Cycle Time 






*2.*4 




FM 


RCLK Setup Time 
(from RCLK Chanqe to 


to 


40 






ns 




to RAW READ i) 




RCLK Hold Time 
(from RAW READ I 
to RCLK Change) 


tcD 


40 






ns 




RCLK High Time 


tA 


0.8 
0.8 


1* 
2* 


8 
8 


fJS 


MFM 
FM 


RCLK Low Time 


tB 


0.8 
0.8 


1* 
2* 


8 
8 


fJS 


MFM 
FM 


RCLK Cycle Time 


tc 




2* 




fJS 


MFM 




4* 




FM 



FUJITSU 



* These values are doubled when the CLK = 4MHz. 



FDC Write Timing (to FDD) 



Value 



Parameter 


Symbol 


Min 


TVP 


Max 


Unit 


Test Condition 


WD Pulse Width 


*WD 


450 
200 


500 
250 


550 
300 


ns 


CLK=8MHz, FM 
CLK=8MHz, MFM 


WG Setup Time 
(from WGt to WDt) 


twG 




2 




//s 


CLK=8MHz, FM 




1 




CLK=8MHz, MFM 


WG Hold Time 


twF 




2 




us 


CLK=8MHz, FM 


(from WDi to WGi) 


1 




2 


CLK=8MHz, MFM 


WD Output Delay 


tCWD 


20 




100 


ns 
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AC Characteristics 

(Continued) 

(Recommended operating 

conditions unless otiierwise 

noted.) 

(Vcc = +5V ± 10%, GND = OV, 

TA = -40°Cto+85°C) 



Other Timing 



Value 



Parameter 


Symbol 


Min 


TVP 


Max 


Unit 


Test Condition 


CLK Cycle Time 


tCYC 


125 




500 


ns 




CLK Low Time 


tCDI 


55 




250 


ns 




CLK High Time 


tcD2 


55 




250 


ns 




STEP Pulse Width 


tsTP 


6* 






fJS 


MFM 


12* 






FM 


DIRC Setup Time 


^DIRS 


12* 






/iS 




DIRC Hold Time 


tpiRH 


6* 






US 




MR Pulse Width 


tMR 


50* 






fJS 




IP Pulse Width 


t|P 


10* 






A/s 





These values are doubled when CLK = 4MHz. 



Timing Diagrams 



CPU Read Timing Diagram 



AcA, "^ 




A 0.8V 
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Si 


- 2.2V 
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■^- tDACC -♦ 
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l' 


i 


2.4V 




0.8V 










CPU Write Timing Diagram 
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_, 




1 




r 




1 




wi ^5 


'. 0.8V 
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1 
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^ 
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Timing Diagrams 

(Continued) 



DRQ, IRQ Service and Release Timing Diagram 



/■ 



/ 



■\j 



/■ 



\ 



J P 0.8V / 



\^ 7\'' 



FDC Read Timing Diagram 



Z^_/ 



'^ r 



't 



FDC Write Timing Diagram 



l.iN -C 



-% — H 



/ \ II / °^5^%. 
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4 clocks (FM) 
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Timing Diagrams 

(Continued) 



Other Timing Diagram 
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Package Dimensions 

Dimensions in Indies 
(millimeters) 



28-Leacl Plastic 
Dual in-Line Package 
(Case No.: DiP-28P-M02) 

j xn nnnnnnnnnnnn ^ 

(EJECTOR MARK) 



A. 




.533(13.55) .590(14.99) 
553(14.05) .610(15.49) 



lUUUUUUUUUUUUUU 

1.389(35.28) 



LJ 




.021(0.58) 



.020(0.51 )M IN 



® 1986 FUJITSU LIMITED D28006S-1C 



FUJITSU 
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FLOPPY DISK VFO 

The Fujitsu MB 4107 is a variable-frequency oscillator (VFO) IC for use in floppy-disk interfaces. It provides a complete data 
separation function, with a minimum of externaj parts and no adjustments, and can be used with a variety of disk controllers. 
It locks onto the read signal from the disk drive, which normally has jitter due to rotation speed variations and peak shifting, 
and produces a stable read signal for the controller. It also produces a window signal, which can be used to differentiate the 
clock and data pulses in the read signal. 

The MB 4107 includes functions for sync field detection, automatic loop filter gain switching, and address and index mark 
detection. 



The analog VFO (PLL) circuitry allows a wide 

read margin for the data separator. 

Can be connected to both 8-inch and 5-inch 

floppy disk drives using the same external 

components. 

Handless both double-density (MFM) and 

single-density (FM) disks. 

Can be used with various flopijy disk controllers 

such as the MB 8876 A, MB 8877A, FD1791, 

and mPD 765. 

The discrimination function for gap and sync 

fields prevents incorrect locking on the gap field. 

The quick sync function (high gain) in the sync 

field is automatically switched to the stable 



tracking function (low gain). 
Because the sync pattern detector (data: OOh , 
clock: FFh) and the IBM format mark detector 
control PLL gain, the index, ID, and data fields 
can be locked onto without special control 
signals. 

A master clock is generated for the floppy disk 
controller, to prevent spikes when switching 
between 8- and 5-inch floppy disks. 
External circuitry requires very few compo- 
nents, and no adjustments. 
Internal clock: 7 resistors, 5 capacitor, 1 crystal 

or ceramic resonator 
External clock: 5 resistors, 3 capacitors 



Fig. 1 - BLOCK DIAGRAM 



CHARGE PUMP 

— T> — 




GAIN SWITCH 



VOLTACECONTROL. 



LOOP SWITCH 



c DGND AGND 



25K 25K 
CSEL TEST 



Fig. 2 -PIN ASSIGNMENT 
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3 
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21 
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20 
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7 


TOP VIEW 


19 
18 


IIao 
Hvco 


ckQ 
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17 


3aVcc 
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9 




16 


Dei 


X2C 
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15 


I|C2 


xC 


11 




14 


;]3 AGND 


dgndQ 
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13 


Drd 
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TABLE 1 - PIN FUNCTION 



Pin No. 


Symbol 


Function 


1 


MIN 


Selects type of floppy disk as follows: 

- 5-inch floppy disk (MIN) High 

- 8-inch floppy disk (STD) Low 


2 


FM 


Selects the disk density as follows: 

— Single density (FM system) High 

- Double density (MFM system) Low 


3 


m 


Read data signal for the FDC, including both clock and data pulses. 


4 


DW 


Data window signal for separating the RR signal into data and clock pulses. 


5 


DA 


Input for indicating a data field. When DA goes high, the PLL is kept as a low gain. 
Either RG or DA is used, but not both, and the unused pin is kept low. 


6 


RG 


Read Gate (MB 8877A system) or VCO Sync (iuPD765 system) input. When a high signal 
is applied to this pin, PLL is kept at a low gain. 


7 


WCK 


The /uPD 765 system FDC write clock pulse is output from this pin as follow: 

- 8-inch/MFM T = 1 jUs 

- 8-inch/FM T = 2 Ms 

- 5-inch/MFM T = 2 ms 

- 5-inch/FM T = 4 jUs 


8 


CK 


The FDC clock pulse is output from this pin as follows: 

- MB8877Asystem/8-inch 2 MHz 

- MB 8877A system/5-inch 1 MHz 

- mPD 765 system/8-inch 8 MHz 

- mPD 765 system/5-inch 4 MHz 


9 


CSEL 


Selects the FDC type shown below (an internal pull-up resistor is provided): 

- MB 8877 A, FD 1791 system High 

- juPD 765 system Low 


10 


X2 


(1 ) Inverter output for the quartz oscillator 

(2) This pin is open when a 8-MHz externa! clock is used. 


11 


XI 


(1 ) Inverter input for the quartz oscillator 

(2) Input pin when an 8-MHz external clock is used. 


12 


DGND 


Ground for digital circuits 


13 


RD 


Input for the source read data from the FDD 


14 


AGND 


Ground for analog circuits such as VCO and filter amplifier 


15 
16 


CI 
C2 


An external capacitor for setting VCO oscillating frequency is connected to these pins. 
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TABLE 1 - PIN FUNCTION (cont'd) 



Pin No. 


Symbol 


Function 


17 


AVcc 


Power supply for analog circuits such as the VCO and filter amplifier. 


18 


VCO 


VCO control current input. 


19 


AO 


Output pin for the low pass filter (LPF) amplifier in the VFO (PLL) circuit. 


20 


Al 


Input pin for the LPF amplifier in the VFO (PLL) circuit 


21 


HO 


Output pin to be externally connected to the LPF amplifier. This pin is selected at 
frequency lock after a sync field is detected. A high signal decreases the VCO frequency 
and a low signal increases it. (High gain) 


22 


LO 


Output pin to be externally connected to the LPF amplifier. This pin is selected after 
frequency lock, for phase synchronization. A high signal delays the VCO phase, and a 
low signal advances it. (Low gain) 


23 


TEST 


Used for the LSI function test. It is normally open or pulled up. 


24 


DVcc 


Power supply pin for digital circuits. 



TABLE 2 - MAXIMUM RATINGS (Ta = 25°C) 



Item 


Symbol 


Condition 


Rating 


Unit 


Supply Voltage 


Vcc 




7 


V 


Logic input voltage 


V,N 




7 


V 


Power dissipation 


Pd 


T^75°C 


550 


mW 


Storage temperature 


TsTG 




-55- +125 


°C 



TABLE 3 -RECOMMENDED OPERATING CONDITIONS 



Item 


Symbol 


MIN 


TYP 


MAX 


Unit 


Supply voltage 


Vcc 


4.75 


5.00 


5.25 


V 


Operating temperature range 


Top 


-20 


25 


75 


°c 
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TABLE 4 - ELECTRICAL CHARACTERISTICS (Vcc = 5 V, Ta = 25°C) 

(Recommended operating conditions unless otherwise noted) 



jtem 


Symbol 






Value 


Unit 


Applicable 
pin 


Note 


CondiTion 


Min 


Typ 


Max 


Supply current 


Ice 


Vcc = 5.25 V 


- 


70 


100 


mA 


Vcc 


- 


High level input 
voltage 


V,H 


Vcc =4.75 -5.25 V 


2.0 


- 


- 


V 


MIN, FM 
DA, RG 
CS, XI 
RD 


*3 


Low level input 
voltage 


V,L 


- 


- 


0.8 


V 


*3 


High level input 
current 


I.H 


Vcc = 5.25 V, V| = 2.7 V 


- 


- 


20 


MA 


FM, DA 
RG, XI 
RD 


- 


Current at maximum 
input voltage 


h 


Vcc = 5.25 V,V, =7.0V 


- 


- 


0.1 


mA 


- 


Low level input 
current 


IlL 


Vcc =5.25 V,V, =0.4 V 


-400 


-20 


- 


MA 


- 


Open-circuit input 
voltage 


V,P 




4.85 


5.0 


- 


V 


MIN, CS 


- 


Low level input 
current 


IlLP 


V,=OV 


-1.1 


-0.6 


- 


mA 


- 


High level output 
voltage 1 


VoHl 


Vcc =4.75 V,loH=-1 •2 mA 


2.7 


3.3 


- 


V 


RR, DW 


*1 
*3 


Low level output 
voltage 1 


VOLI 


Vcc = 4.75 V 


Iql = 12 mA 


- 


0.28 


0.4 


V 


:i 


Iql = 24 mA 


- 


0.35 


0.5 


V 


Short-circuit output 
current 1 


losi 


Vcc = 5.25 V 


-30 


- 


-160 


mA 


*i 

*3 


High level output 
voltage 2 


VoH2 


Vcc = 4.75 V,loH = -0.4 mA 


2.7 


3.3 


- 


V 


WCK,CK 


*1 
*3 


Low level output 
voltage 2 


V0L2 


Vcc = 4.75 V 


Iql = 4 mA 


- 


0.28 


0.4 


V 


*2 
*3 


Iql =8mA 


- 


0.35 


0.5 


V 


Short-circuit out- 
put current 2 


l0S2 


Vcc = 5.25 V 


-20 


- 


-110 


mA 


*1 
*3 


High level output 
voltage 3 


VOH3 


Vcc = 4.75 V,loH = -0.4 mA 


2.7 


3.3 


- 


V 


X2 


*1 
*3 


Low level output 
voltage 3 


Vols 


Vcc =4.75V,loL = 1 mA 


- 


0.28 


0.4 


V 


*2 

*3 


High output voltage 


Vhh 


loH =-1 mA 


3.3 


3.7 


- 


V 


HO 


*1 


Low output voltage 


Vlh 


loL= 1 mA 


- 


2.0 


2.4 


V 


*2 


High output voltage 


Vhl 


loH = -0.2 mA 


3.8 


4.2 


- 


V 


LO 


*1 


Low output voltage 


Vll 


loL= 0.2 mA 


- 


1.5 


1.9 


V 


*2 


VCO free run 
frequency 


fpR 




1.6 


2.0 


2.4 


MHz 




- 



NOTE: *1 The output stage is set high. 



*2 The output stage is set low. 
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Fig. 3- STANDARD EXTERNAL CIRCUITS (MB 4107) 
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D TTj- 



Read Data (FDD) 



NOTE: 1. C3 (±5%), R5 (±1%), otherwise C (±10%), R (±5%) 

2. Since the 8-MHz internal and 8-MHz external clocks require precision of ±1%, a ceramic resonator can be used 
when WCK and CK do not require a high precision. 
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TIMING CHARTS 



! 8 INCH, ^yiFM, HIGH GAIN (SYNC FIELD) 
C C C 

n n 



Read Data 
(INPUT) 

Raw Read 
(OUTPUT) 



Data Window 
(OUTPUT) 



-2mS 



500 nS 250 nS 



n 8 INCH,MFM, LOW GAIN 
C C 

Read Data I L 

(INPUT) 1-^ 2 mS > N 



-3mS- 



Raw Read 
(OUTPUT) 
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(OUTPUT) 



Mc — u; 
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J] n TL 



U Lf^ Wo U^ Uc 



R 



JT 
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—I 



ir 



u 



Read Data 
(INPUT) 



Raw Read 
(OUTPUT) 



Data Window 
(OUTPUT) 



\j U \j LJ y^ 

ji_ji_n_n_ri 



-4mS- 



_ji_n_Ji 
iniruTuni in 



-|2)uS 



U 



1 nS 



500 ns 



NOTES: 1 . The above times are doubled for 5-inch floppy disks. 
2. C = clock pulse, D = data pulse 
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STANDARD CONNECTIONS FDD AND FDC 

I READ GATE, VCO SYNC USED 
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8 inch: Tc = 100 Ms ±20% 5 inch: Tc = 200 /is ±20% 
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8 inch: Tc = 1 00 /is ±20% 



5 inch: Tc = 200 jUs ±20% 
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PACKAGE DIMENSIONS 



24-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DrP-24P-M02) 



nnnnrinnriririn.d 



INDEX-1 



(EJECTOR MARK) 




MUUUUUUUUUIJU 



1.171(29.75) 



1.197(30.40) 



.524(13.3) 
.543(13.8) 



,i,s» 



5° MAX 



.590(14.99) 
.610(15.49) 




.008(0.20) 
.012(0.30) 



.039(0.98), 



.058(1.48) 




.100(2.54) 



.059(1.5) 



.079(2.0) 
.015(0.37) 



.021(0.53) 



,195(4.96)MAX 
.118(3.0)MIN 



.020(0.51 )MIN 



Dimensions in 
inches (nnillinneters) 
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MAGNETIC DISK 
HEAD AMPLIFIER 





MB 4111 
MB 4112 


MB 4113 



March 1984 
Edition 2.0 



MAGNETIC DISK HEAD AMPLIFIER 

The Fujitsu MB 4111 /MB 411 2/MB 4113 is a monolithic bipolar integrated 
circuit optimized for high performance application to disk head systems. 

The MB 41 11 /MB 411 2/MB 41 13 is featured with the following four major 
functions to interface with four magnetic heads. 



* Write Amplifier Circuit 

* Read Amplifier Circuit 

* RAS (safety) Circuit 

* Selection Decode Circuit 

Also, the MB4111/MB4112/MB4113 has three modes. Read, Write and 
Idle. 

The MB4111/MB4113 is suitable for mounting directly on the arm of 
movable disk head. 

The MB 41 12 is suitable for mounting on the PC board interfacing the 
fixed disk head. 




CERAMIC PACKAGE 
FPT-24C-F01 



ABSOLUTE MAXIMUM RATINGS (*: Referenced to ground) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc* 


7.0 


V 


Supply Voltage 


Vee* 


-5.5 


V 


Operating Temperature 


Top 


to +70 


°C 


Storage Temperature 


TsTG 


-65 to +150 


°C 



Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device re- 
liability. 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Unit 


Min 


Typ 


Max 


Supply Voltage 
(Read/Write/ldle) 


Vcc 


5.7 


6.0 


6.3 


V 


Supply Voltage 
(Read/Write/ldle) 


Vee 


-4.2 


-4.0 


-3.8 


V 



PIN ASSIGNMENT 



HSic 
Vccc: 
US 1= 
WC cz 
NC tz 
NC 1= 
NCc 
DX C= 
DYci 
HS2 c= 

Veei= 



32 
4 
5 
6 
7 
8 
9 
10 
11 1 



423, 



2 13 14 

r 



=1 GND 
m WS 
=1 H22 
=] H21 
=1 H02 
=3 HOI 
=3 H32 
=1 H31 
=1 H12 
=1 H11 
=3 CS 



Ambient temperature: 0°C to +70 C 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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Illillllllllllllllililll MB 4111 
FUJITSU MB 4112 
lllllllllllll MB 4113 



PIN NAMES 



No. 


Symbol 


Name 


1 


Vee 


Supply Voltage 


2 


HSi 


Head Select 1 


3 


Vcc 


Supply Voltage 


4 


US 


Unsafe 


5 


WC 


Write Current 


6 


NC 


Non-connection* 


7 


NC 


Non-connection* 


8 


NC 


Non-connection* 



Note: NCs should be left open any time. 



TEST CONDITIONS 



No. 


Symbol 


Name 


9 


DX 


Data X 


10 


DY 


Data Y 


11 


HS2 


Head Select 2 


12 


Vee 


Supply Voltage 


13 


GND 


Ground 


14 


WS 


Write Select 


15 


H11 


Head 1 


16 


HI 2 



No. 


Symbol 


Name 


17 


H31 


Head 3 


18 


H32 


19 


HOI 


HeadO 


20 


H02 


21 


H21 


Head 2 


22 


H22 


23 


CS 


Chip Select 


24 


GND 


Ground 



Parameter 


Symbol 


Mode 


Value 


Unit 


Supply Voltage 


Vcc 


Read/Write/ldle 


6.0 ± 1.0% 


V 


Vee 


-4.0 ±1.0% 


Head Inductance 


Lh 


Read/Write 


DC 


(short) 


mh 


AC 


9.0 


Write Select Voltage 


Vws 


Write 


3.5 ±1.0% 


V 


Read 


0.0 ± 0.01 


Chip Select Voltage 


Vcs 


Read/Write 


0.0 ± 0.01 


V 


Idle 


6.0 ± 1.0% 


Unsafe Voltage 


Vus 


Read/Write/ldle 


6.0 ±1.0% 


V 


Termination Resistor 


Rli 


Read/Write/ldle 


200 ± 1.0% 


n 


Rl2 


100 ± 1.0% 


Write Current 


'wc 


Write 


40.0 ±1.0% 


mA 


Read 


0.0 ±0.2 


Ambient Temperature 


Ta 


Read/Write/ldle 


25.0 ± 2.0 


°c 



MB 4111 IIH^^^^^^^^ 
MB 4112 FUJITSU 
MB 4113 IIIIIH^^^^^^^^^^^ 



Fig. 1 - TEST CIRCUIT 



Head 2 Head Head 3 Head 1 



HmRnn njM^ npm^ rwcRRn 



GND WS H21 H22 H02 HOI H32 H31 H12 H11 CS GND 



Vee HSi Vcc VS WC NC NC NC DX DY HSj Ve 



RL 



Note: NCs should be left open. 



ELECTRICAL CHARACTERISTICS 



Parameter 


Symbol 


Value 


Unit 


Note 


Min 


Typ 


Max 


Supply Current 


'cc 


12 


16 


20 


mA 


Selected 






100 


/iA 


Non Selected 


Supply Current 


Iee 


-70 






mA 


Selected 


-45 






Non Selected 
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IIIIIH^^^^^^^^^ MB 4111 

FUJITSU MB 4112 

IIIIH^^^^^^^^ MB 4113 



MODE SELECT 



Parameter 


Sybmol 


Mode 


Value 


Unit 


Note 


Min 


Typ 


Max 


CS Input High Voltage 


V.HC 


Idle 


5.7 


6.0 


6.3 


V 


-50MA<lcs<0/iA 


CS Input Low Voltage 


V,LC 


Read/Write 


0.0 


0.35 


0.7 


V 




CS Input High Current 


'iHC 


Idle 


-70 






ma 




CS Input Low Current 


IlLC 


Read/Write 


-1.3 


-1.0 


-0.6 


mA 


Vcs = OV 


WS Input High Voltage 


V|HW 


Write/Idle 


3.2 


3.5 


3.8 


V 




WS Input Low Voltage 


V,LW 


Read/Idle 





0.1 


0.2 


V 




WS Input High Current 


'iHWI 


Write/Idle 


0.7 




2.8 


mA 


Transition 
Unsafe OFF 


hHW2 


Write/Idle 


0.7 




3.5 


mA 


Transition 
Unsafe ON 


WS Input Low Current 


'iLW 


Read/Idle 






0.1 


mA 




Switching Delay 


tsD 


All Modes 






500 


ns 





TOTAL HEAD INPUT CURRENT 



Parameter 


Symbol 


Mode 


Value 


Unit 


Note 


Min 


Typ 


Max 


Input Current 


111 


Write 






3.0 


mA 


VcT = 3.5V 


Input Current 


l|2 


Read 






0.16 


mA 


VcT = OV 


Input Current 


l|3 


Idle 






0.5 


mA 

■ 


VcT High or 
Low 
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MB 4111 IIH^^^^^^^^^^ 
MB 4112 FUJITSU 
MB 4113 



HEAD SELECT 



Parameter 


Symbol 


Condition 


Value 


Unit 


Min 


Typ 


Max 


HS Input High Voltage 


V.HH 


TA=0°Cto+70°C 


-0.96 




-0.81 


V 


HS Input Low Voltage 


V.LH 


Ta =0°Cto+70°C 


-1.85 




-1.65 


V 


HS Input High Current 


'iHH 








240 


ma 


HS Input Low Current 


'iLH 








30 


ma 


Switching Delay 


^SDH 








100 


ns 



HEAD SELECTION TABLE 



Head No. 


CS 


HS1 


HS2 


- 


High 


- 


- 





Low 


High 


High 


1 


Low 


Low 


High 


2 


Low 


High 


Low 


3 


Low 


Low 


Low 



Illllllllllllllllllllllli MB 4111 
FUJITSU MB 4112 

lllllllllllllll MB 4113 



READ MODE 







Symbol 


Condition 


Value 


Unit 




Min 


Typ 


Max 


Differential Gain 


MB4111 
MB4113 


Av 


V,N = ImVp-p, OV 
DC, f = 300KHZ 


22.0 


35.0 


46.0 


V/V 


MB4112 


5.0 


9.0 


12.5 


Common Mode Rejection 
Ratio 


CMRR 


V|N = 5mVp-p, OV 
DC, f^5MHz 


45 






dB 


Power Supply Rejection Ratio 


SVrr 


V,N =0V,f<5MHz 


45 






dB 


Band Width 


BW 


Z,N = 0^ (-3dB) 


35 






MHz 


Channel Noise 


MB4111 
MB4113 


Vn 


V,N = OV, 

Z,N=0r2, 

10MHz Power Band 

Width 






5.4 


AtV RMS 


MB4112 






20 


Input Current 


l|N 


V.N = OV 






40 


ma 


Input 
Capacitance 


MB 41 11 
MB4113 


C| 








18.8 


PF 


MB4112 








16.0 


Differential Input 
Resistance 


MB4111 
MB4112 


Rd 




585 


750 


915 


12 


MB4113 


380 


480 


580 


Output Offset 
Voltage 


MB 41 11 
MB4113 


VoFF 




-100 




100 


mV 


MB4112 




-50 




50 


Unsafe Current 


lu 


Vus = 6.0V, Iwc = 45mA 


40 




45 


mA 


Dynamic Range 


MB4111 
MB4113 


D 


DC input voltage where 
gain Is 90% of gain with 
0.5 mVp-p input signal 


6 






mVp-p 


MB4112 


30 






Channel Separation 


s, 


See Note 


40 






dB 


Common Mode Output 
Voltage 


Vo 




-0.75 


-0.60 


-0.45 


V 



Note: V,N = ImVp-p, f = 300KHz, 3 Channel driven. 
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WRITE MODE 







Symbol 


Condition 


Value 


Unit 


Parameter 


Min 


Typ 


Max 


Write Current 


'wc 








50 


mA 


Current Gain 


A, 


Iwc = 50mA 


0.95 








Write Current Voltage 


Vwc 


Iwc "= 45mA 


Vee+0.3 




Vee+1 


V 


Differential Input Voltage 


V,N 




0.225 






V 


DX DY Input Current 


'in 


-0.75V < Vox < -0.45V 
-0.75V < Vdy < -0.45V 


-2.0 




2.0 


mA 


Unsafe Current 


lus 


L=7mH, 

f= 1.2MHz, lwc = 20mA 






0.1 


mA 


L = 9iuH. 

f = OMHz, Iwc = 30mA 


20 






Head Current Transition Time 


tj 


L = 0MH,f= 5MHz 
•wc ^ 50mA 




5 


10 


ns 


Head Current Hysterisis 


^HY 


L = QuH,f=5MHz 
Iwc = 50mA 






2.0 


ns 


Unselected Head Current 


'op 


L = ^H, f=2MHz, 
'wc ~ 50mA 






1.5 


mA 


Unsafe Switching 
Delay Time 


MB 41 11 
MB4112 


^USD 


L=9(LiH, 

f = 6.0MHz to OMHz 


0.5 




4.0 


MS 


L = 7jLiH. 

f = OMHz to 1.2MHz 






1.0 


MB4113 


L = 5mH, Iwc = 30mA 
f = 7.5MHz to OMHz 


0.3 




4.0 


L = 3.5iuH, Iwc = 1 5mA 
f = OMHz to 3.0MHz 






1.0 


Differential 
Head Voltage 


MB4111 
MB4113 


Vdif 


Iwc =45mA 


6.2 




7.2 


V 


MB4112 


Iwc = 45mA 
L=^H 


8.0 




9.0 



4-71 



MB 4111 
FUJITSU MB 4112 

■■^^^^^^^^^^^ MB 4113 



WRITE CURRENT WAVEFORMS 



Conditions: L = 9a(H, Iwc = 40mA 
MB4111 















































/ 


r^ 








\ 










./ 


1 1 1 1 


1 1 1 r 


1 1 1 1 


1 1 11 


\ 


1 1 1 1 


1 1 1 1 






7 










\ 










r 






; 




> 


k«i# 














; 











20mA/div 



MB 41 12 




50ns/div 



50ns/div 



Conditions: L = 7/iH, Iwc = 40mA 
MB4111 




20mA/div 



MB4112 











: 




















; 
















f 




bWiMli 




"L 










I 


1 1 1 1 


1 i 1 r 




KM 


I 


i i 1 1 


ilil 


III! 


1 t 1 1 


/ 










\ 








■MtM 






'- 


z 




\ 




- 




wmmm^ 






I 


\ 









50ns/div 



50ns/div 



4-72 



DISK HEAD APPLICATION NOTES 



MB 4111 IIIH^^^^^ 
MB 4112 FUJITSU 
MB 4113 IIH^^^^^^^^^ 



•BIDIRECTIONAL DATA BUS DRIVER 



2oon^ 



*RL network may be used to null 
out line capacitance in operating 
freq. range. 




^^^^-^rA 



ECL 
DRIVER 



Write Data 






6mA 



m^' 



-only during write 



*USAGE IN COMBINATION WITH MB 4316 (BUS SWITCHING CIRCUIT) 



/cT fsi^^^f?^ ^^^5^^ 



MB 4111/4112/4113 




Write Data 
O 



lOon 



5j) (ay W W 



DX DY WC G1 G2 

WD OUT 



WD OUT 

RWD RWC Vee2 Veei GND 



'3~W 



12V -5.2V ^^ 



120n^ 



-o 

Read Data 



Rl 

i20n 



Note: NCs should be left open. 
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IIIIIIIIIIIIH^^^^^^^^ MB 4111 
FUJITSU MB 4112 
MB 4113 





•FAULT DETECTION CIRCUITRY 










+6.0V Supply 


r\ 
















^-\ 






Unsafe Current 


i 


\, 


Circuit Unsafe 






> 


y^ ca. 10mA threshold 




\J 




/-N 




















"V. 






, 


, — 


^v. 








k 


^V^,. Multi Chip Select 


/~\ 


< 
< 


► 


>? 




Vcc 








y^ ca. 24mA threshold 




r\ 





















MB 4111/4112/4113 BLOCK DIAGRAM 



CE, CE3 CE2 



CE2 VR CEW, 
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MB 4111 IIIIH^^^^^^^^^ 
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PACKAGE DIMENSIONS 



24-PAD CERAMIC (FRIT SEAL) FLAT PACKAGE 
(CASE No. : FPT-24C-F01) 



.050(1.27) 



TYP 



u 



.010(0.254) 



.020(0.508) 



.550(13.97)TYPE 
.390(9.91) 



.260(6.60) 
.280(7.11) 



.900(22.86)TYP 



.272(6.91) 
.400(10.16) 



.003(0.08) 



.008(0.20) 

— .100(2.54)MAX 



.406(10.31) 



Dimensions in 
inches (millimeters) 
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Advanced Products 



FUJITSU 



MB4316 

Driver/Receiver 
for Disk Head Amp. 



Description 



The Fujitsu MB4316 is designed for the MB41 1 1/MB41 12 Disk 
Head Amplifier's Driver/Receiver 



Features 



■ Data inputs and Control 
inputs are CIML level inputs. 



■ On-chip Write Current 
Source which is adjustable 
by changing an external 
resister. 

























^"^^ 




— 








:;a 


4 




ii 


i/y 11 1) 


W 




nPTT^ 






— c 

— D 


»ra 

P- 


16 


1 
cPi 


1 

iclca 
[>2 


ge- 


— 
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Block Diagram 
and Pin Assignment 



jn 



(WRITE DATA) 

WD 

WD 




VeE2 t RexT2 



(READ DATA) 



vee2c: 


1 


-\^ 


16 


G1CZ 


2 




15 


G2C: 3 




14 


RwDd 4 


TOP 


13 


WTCZ 5 


VIEW 


12 


wcc: 6 




11 


RwcC 7 




10 


GNDC 8 




9 



OUT 
OUT 
ZDRD 



Z]WD 

Z3WD 

Veei 



Absolute Maximum Rating 



Parameter 


Symbol 


Rating 


Unit 


Supply Voltage 


Veei 


-7.0 - 


V 




Vee2 


-15.0-0 


V 


Output Terminal Voltage 


Vcc 


0-9.0 


V 


Input Voltage 


V,N 


-5.0-0 


V 


Write Current 


'WG 


0-60 


mA 


Power Dissipation 


Pd 


580 


mW 


Operating Temperature 


Ta 


0-70 


°C 


Storage Temperature 


Tstg 


-55-150 


''C 



Recommended Operating Conditions 



Parameter 


Symbol 


Value 


Unit 


Supply voltage 


Veei 


-5.2+5% 


V 




VeE2 


-12.0±5% 


V 


Output Terminal Voltage 


Vcc 


-6.0±5% 


V 


External Resistance 


Rexti 


700±2% 


Q 



FUJITSU 
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MB4316 



Pin Function Table 



Pin No. 



8 

9 

10 

11 

T2~ 

13 



14 



15 
16 



Symbol 



G1 



G2 



WT 



WC 



GND 



WD 



WD 



DX 



DY 



RD 



OUT 



OUT 



Functions 



PowerSupply (-12 V) 



Gain of output Amplifier (Receiver) is specified with an 
External resister between G1 and G2. 



This input specifies Data level in write mode. 



WC switch. When it is at CML low level, WC is active. 



Write Current Source Output 



Write Current is specified with resister between Rwc and 
Vee2 (See Block Diagram). (Iwc=^5.4V/Rext2) 



Ground 



Power Supply (-5.2V) 



Write Data, driven by complementary signal of CML level. 



Data Bus 



Read/Write mode Switch. When it is at CML low level, read 
mode is selected, and at high level, write mode is selected. 



Output for read data 



Electrical Characteristics 

(Veei = -5.2V, Vee2 = -12.0V, Ta = 25° C) 



Parameters 



Symbol Conditions 



Measurement 
Diagram 



Min. IVp. Max. Unit 



Delay Time 





Ieei 

IeE2R 
'eE2W 


Veei = -5.46V, Vee2 = -12.6V 




1 — 


— 


65 


mA 


Power Supply Current 


1 — 


— 


15 


mA 




1 — 


— 


10 


mA 




'iRD 
'iWD 


V - .^^^^-O-S^^'^Wt- 


-1.71V 


1 — 


— 


0.2 


mA 


Input Current 


"^^'^ ^-^'^WD^ -0.81V 




_ 


— 


0.9 


mA 


'iWD 
'iWT 


V - ...^"^--o-s^y 




1 — 


— 


0.9 


mA 




^- ^'-'%po = -1.71V, VwT = 


-0.81V 


1 — 


— 


0.15 


mA 




Vwc 


Vrd = -0.89V. VwT = -1.75V 




1 4.9 


5.4 


5.9 


V 




Vdxh 
Vdxl 
Vdyh 
Vdyl 


VwD = -0.96V 




1 -0.59 


— 


-0.45 


V 


Output Voltage 


Vrd = 0.96V ., _ ^Q^., 
~ V^= 1.65V VwD- -0.96V 




-0.75 


— 


-0.61 


V 




-0.59 


— 


-0.45 


V 




VwD = -0.96V 




1 -0.75 


— 


-0.61 


V 


DxDy Differential 
Output Voltage 


IVxyI 


IVdx-VdyI 




1 160 


- 


- 


mV 



Voltage Gain 


Av 


Vi 


= lOOmVpp, f = 5MHz 


2 


0.95 


1.1 


1.25 


V/V 


Band Width 


BW 






2 


30 


- 


- 


MHz 



tpLH1 



tpLH1 



WT - RWC 



tpLH2 



tpLH2 



RD - DX, DY 



350 



— 100 



— — 200 



100 



FUJITSU 
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MB4316 



Measurement Diagram 






j^w 



50Q r-wv- ^^ 13 

P.G.X"rTZ!ZI 6 11 



-*► -0.89V 200O 
^-VA- 



f :0.a 

^ 1 — 

X50°/o ^50% 

\ / :.?. 

tpLH1— ►', 1-*— — ►! ,-*-tPH 

Jf 50% Y SO"/" 

C / I 



.75V 
tPHLI 



INPUT: 
P.R.R. : 1.5 MHz 
tr = tf = 10 ns 



INPUT : 

P.R.R. : 1.5 MHz 

tr = tf = 10ns 




FUJITSU 



Output 


Bias 


DX 


-0.89V -1.75V 


DY 


-1.75V -0.89V 
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Package Dimensions 

Dimensions in inches 
(millimeters) 



16-Lead Ceramic (Cerdip) 
Dual in-Line Pacicage 
Dip-16C-C02 



R.025(0.64) 
REF 



n r~! r~i r-^i n —\ n r i 



ljljl_jLJLJLJL_JU 



.264(6.71) .305(7.75) 
.281(7.14) .325(8.26) 



-.050(1 .27.)M AX 



MMMM 



.700(1 7.78)REF 



A 



120(3.05) 
150(3.81) 



.020(0.51) 
.050(1.27) 





FUJITSU 
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Advanced Products 



FUJITSU 



MB88303 

NMOS Television Display Controller (TVDC) 



October 1986 
Edition 2.0 



Description 



Features 



The Fujitsu MB88303 NMOS Television E>isplay Controller 
(TVDC) is an Interface LSI that displays 180 alphanumeric 
characters (20 characters x 9 lines) in white on a TV screen. The 
characters overlay the picture on the TV screen. 

While designed to operate in conjunction with the Fujitsu 
MB8840/8850 and MB88400/88500 single-chip 4-bit 
microcomputers, the MB88303 TVDC can also be interfaced to 
a wide range of 4- and 8-bit microprocessors. 

The MB88303 allows simple interface to almost any TV display 
(raster scan CRT with horizontal and vertical scanning) 
regardless of interlace or non-interlace scan. 

The MB88303 is fabricated with N-channel silicon-gate E/D 
MOS process, and packaged in a 22-pin plastic DIP. Also, it is 
powered by a single +5V power supply, and operates over a 
temperature range of -30°C to H-yO^C. 



I Character display controller 

available for NTSC, PAL and 

SECAN TV sets 
I 20 character x 9-line screen 

format (Max. 180 characters/ 

screen) 
I 5x7-dot matrix character 

format (1-dot horizontal and 

2-dot vertical spacings) 
I 64-character set 
I Programmable character 

size: 4 widths and 4 heights 
I Programmable display start 

position: 57 horizontal and 

64 vertical positions 
I Programmable character 

blinking control 



I Automatic inter-dot filling 
function for improved 
smoothness 

I Black-level background 
output for improved clarity 

I 180 X 7-bit display data RAM 

I 448 X 5-bit character 
generator ROM 

I Four control registers 

I 3-bit general-purpose open- 
drain latched output 

I On-chip clock generator for 
external RC-network 

I Single +5V power supply 

I Wide operating temperature 
range: -30°C to +70° C 

I N-channel silicon-gate E/D 
MOS process 

I 22-pin plastic DIP (Suffix -P) 
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m. 
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— 
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t^ 


i 
^ 


y1^ 


F 


■isaii^ 












fKiy 












Plastic DIP 












DIP-22P-M02 
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MB88303 



Pin Assignment 
And Logic Symbol 



RESET C 




-V>r 


22 


DOOCZ 






21 


DOICZ 






20 


D02CZ 






19 


VOWCZ 

VOBC 

VSYNC CZ 




TOP 
VIEW 


18 
17 
16 


HSYNC d 






15 


EXC 






14 


XC 


10 




13 


vssc: 


11 




12 



ZlVcc 

DA7 
DA6 

ZDDA5 
0A4 

Z1DA3 
DA2 
DA1 
DAO 
ADM 
LDI 



I PBOCESSOR INTERFACE | t^ 




TELEVISION INTERFACE 



♦►VOW T VIDEO 

k SIGNALS 
♦>v6b J TO TV 



HSYNC n SYNC 

f- SIGNALS 

VSYNC J FROM TV 



Biocic Diagram 




* THESE REGISTERS ARE DESIGNATED BY ONE ADDRESS AS THE DISPLAY CONTROL REGISTER. 



FUJITSU 
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MB88303 

Pin Description 

Power Supply 

Clock 

Processor Interface 



Symbol 


Pin No. 


Type 


Function 


Vcc 


22 


— 


+5\/ power supply pin. 


Vss 


11 


— 


Ground pin. 


EX 
X 


9 
10 


1 

o 


RC-networl< externally connected to these pins from On- 
chip oscillator 6MHz clock generator 



RESET 



ADM 



13 



LDI 



12 



DA7-DA0 21-14 



Reset input: A low level on RESET stops the TVDC and 
initializes its internal control registers to the following states: 
Horizontal Display Position Register : Cleared. 
Vertical Display Position Register : Cleared. 
Display/Character Control Register : Cleared, 
(consisting of Horizontal Character Size, Vertical Char- 
acter Size, and Blinking Registers) 
General-Purpose Output Register : Set. 

As a result, the output pins are clamped in the following 
states: VOW = "L", VOB = "H", D02 = D01 = DOO ="H" 

Th e addre ss register and display memory are not affected 
by RESET 

This pin is a non-TTL compatible hysteresis input with an 
internal pull up. 



Address mode select input for writing data to the internal 
registers and the display memory: A low level on ADM 
activates the Direct Address mode. A high level on ADM 
activates the Address Increment mode. 

This pin is a TTL compatible input with an internal pull up. 



Write strobe input for multiplexed address/data: 

Direct Address Mode: At the leading edge of LDI, an 8-bit 
address on DA7-DA0 is automatically latched into the 
internal address register. At the trailing edge of LDI, a 7-bit 
data on DA6-DA0 is written into an internal control register 
or an internal display memory location that is designated by 
the address latched at the leading edge. 

Address Increment Mode: At the leading edge of LDI, the 
address register is automatically incremented. At the 
trailing edge of LDI, a 7-bit data on DA6-DA0 is written into 
an internal control register or a display memory location 
that is indicated by the address register. 

This is a non-TTL compatible input with an internal pull up. 



8-bit parallel multiplexed address/data input: An 

address/data on DA7-DA0 is written into the internal 

registers or the display memory at the LDI transition. The 

address/data input format is 

DA7: the most significant bit (MSB) 

DAO: the least significant bit (LSB) 

These pins are TTL compatible with internal pull up. 
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Pin Description 

(Continued) 



Symbol 



Pin No. IVpe Function 



Television Interface 



HSYNC 



Horizontal synchronization input: HSYNC pulses are 
supplied by the TV set connected. This signal is the same 
as the horizontal sync signal of the TV display, which 
controls display start position. 

The MB88303 starts to ou tput cha racter bit patterns on the 
VOW output, triggered by HYSNC pulse. 

This pin is a non-TTL compatible hysteresis input with an 
internal pull up. 



VSYNC 



Vertical synchronization input: VSYNC pulses are supplied 
by the TV set connected. This signal is the same as the 
vertical sync signal of TV display, which controls display 
starts position. 

The MB88303 starts to ou tput cha racter bit patterns on the 
VOW output, triggered by VSYNC pulse. 

This pin is a non-TTL compatible hysteresis input with an 
internal pull up. 



VOW 5 



White-level video signal output: The device serially outputs 
character dot patterns on VOW synchronously with HYSNC 
pulses. This signal is used for brightness modulation of the 
TV display. This signal is superimposed on the normal TV 
video signal. 

This pin is a TTL compatible output. 



VOB 6 



Black-level video signal output: This signal is supplied to 
the TV to improve clarity of displayed characters when BLK 
and BLKB bits of the blinking register are set. 

This pin is a TTL compatible output. 



DO2-DO0 4-2 



3-bit parallel output port: Data written into the general 
output register appears on pins DO2-DO0 

These signals are used for other attribute control to TV. 

These are latched open-drain outputs. 
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Functional Description 



Screen Format and Character 
Format 

The MB88303 TVDC supports 
the display of 9 lines of 20 
characters per line, or a total 
of up to 180 alphanumeric 
characters, as shown in 
Figure 1. 

The characters are formed in 
a 5 X 7-dot matrix, with a 1-dot 



space between characters and 
a 2-dot space between lines. 
Screen Format also shows the 
relative on-screen size of the 
displayed elements. Figure 2 
shows the character format. 



Character Patterns and Codes 

The MB88303 has a built-in 5 
X 7-dot matrix character 



generator ROM. Fig. 6(a) shows 
internal character patterns in 
the character generator, which 
are automatically modifed by 
"filling" function and displayed 
on the screen as shown in 
Figure 3(b). The character 
patterns are encoded as 
shown in Table 1. 
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Figure 1. Screen Format 




5 6 7 8 9 10 11 12 13 



15 16 17 18 19 



EBHHElHHaHE 



FB00HHE1HS 



3B00 
E100H 



SHSHHElHEBSSEMaSElElSSHS 



00H00S00B0B0B00S0E100 
0000000000000 



81 82 83 84 85 86 87 88 89 90 

5 Il0o]ll0ljjl02]ll03||l04||l05||l06||l07||l08||l09||l10 

6 |l20||l2l|[i22||l23|[i24||l25|[l26J |l27||l28||l29||l30 

7 |l40||l4l||i42]|l43|[l44] |l45||l46||l47||l48||l49||l50 
^^^^ S Rrararara,16S|ll66„167„168„169„170 
NUMBERS to 179 INDICATE DISPLAY MEMORY ADDRESSES. 



91 92 

^p32| 
15ilfi52l 



0000000 

li4|[95|[96][97|[98[ |99| 

ii3j|^gggg[ 

133l[i34|[l35J|l36||l37 Irnln 
153]M54^rt55^|l56|ll57|fl58l|l59| 




Figure 2. Character Format 



1/2 DOT SPACE 



1/2 DOT SPACE 



1 \ 

T HORIZONTAL " 



HORIZONTAL 
5 DOTS 



tJ 



Note: 

Refer to Page 10 for an 
explanation of the difference 
between blanks and back- 
ground. 



Table 1. Character Codes 



CH5-4 



CH3-0\^ 


1 


2 


3 


A 


N 





1 


1 B 





1 


i 


2 C 


P 


2 


- 


3 D 


Q 


3 


- 


4 E 


R 


4 


+ 


5 F 


S 


5 


- 


6 G 


T 


6 


* 


7 H 


U 


7 


1 


8 1 


V 


8 


= 


9 J 


w 


9 


& 


A K 


X 


? 


^(kanji) 


B L 


Y 


I 


^ (kanji) 


C M 


z 


'(apostrophe)S(k«"J') 


^ (raised dot) 




(period) 


(comma) 


E ^ 


■ 


D _ 
(background) 


F ["] (blank) 


[ 


. ] 


(Telephone) 
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Functional Description 

(Continued) 



Figure 3(a). Internal Character Dot Patterns 

(Character Generator ROM Patterns) 

flBCDEFGHI 
NOPQRSTUU 
012345678 



JKLM 
WXYZ 
9?l ' 



= ■( 

(BACKGROUND) 

Si 



Figure 3(b). Displayed Character Dot Patterns 
(Format with "Filling" Function) 

flBCDEFGHI 
NOPQRSTUU 
01S345678 
i**<- ■» + -*/' = 



JKLM 
UXYZ 
9?! ' 



-D) 

(BACKGROUND) 
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Functional Description 

(Continued) 



Address Structure 

All addresses are 8-bit words. 
Addresses from [00000000] 
to 179 [10110011] indicate the 
display memory locations. 
Addresses from 180 
[10110100] to 183 [10110111] 
are used for the control 
registers. Figure 4 shows the 
memory map. Selected 
addresses are input through 
pins DA7 to DAO. Addresses 
184 above cannot be used. 



Display Memory 

The display memory is a 180 x 
7-bit RAM. Bits 5 too (CH5- 
CHO) are character code 
storage; Bit 6 (BC) can be set 
to "1" to enable blinking, and 
reset to zero to disable 
blinking. 

Figure 5 shows the word 
structure; refer to Character 
Codes table for character 
codes (see page 5). Selected 
character codes and blinking 
control bit are input through 
pins DA6 to DAO. 

Control Registers 
Horizontal Display Position 
Register [HP5 to HPO] 

This register (address 180) 
stores the horizontal position 
of the start of the diplay on the 
TV screen. The values (000000) 
to (000110) cannot be used for 
the horizontal dis play pos ition 
register. Since the RESET 
input clears this register, a 
value m ust be set after every 
RESET input. Figure 6 shows 
the horizontal display position 
register. For the display 
starting position control, see 
page 9. 



Figure 4. Display Memory & Control Register Map 

ADDRESS 



DISPLAY 
MEMORY 




















/ 


\BIT 
ADDRESS\ 


6 


5 


4 


3 


2 


1 





180 
181 
182 
183 


- 


HP5 


HP4 


HP3 


HP2 


HP1 


HPO 


_ 


VPS 


VP4 


VP3 


VP2 


VP1 


VPO 


CONTROL 
REGISTERS 


BLINK 


BLKB 


BLK 


VSZ1 


VSZO 


HSZ1 


HSZO 


- 


- 


- 


- 


D02 


D01 


DOO 



> HP5TO0 

• VPS TOO 

> HSZ1 TO 
« VSZ1 TO 

> BLK 

> BLKB 

> BLINK 

• DO2TO0 



HORIZONTAL DISPLAY POSITION REGISTER 
VERTICAL DISPLAY POSITION REGISTER 
HORIZONTAL CHARACTER SIZE REGISTER 
VERTICAL CHARACTER SIZE REGISTER 
DISPLAY BLANKING BIT \ _, ,^t(,^r 

BACKGROUND BLANKING BIT npp.oTpn 
BLINKING ENABLE BIT | "'"^'^ ' "" 

GENERAL OUTPUT REGISTER 



DISPLAY 

CONTROL 

REGISTER 



Figure 5. Display Memory Word Format 









L* 





CHO 
CHI 
CH2 
CH3 
CH4 
CHS 



CHARACTER CODE BITS 
(SEE TABLE 1.) 



. . . BLINKING CONTROL BIT 

= BLINKING DISABLE 

1 = BLINKING ENABLE 



Figure 6. Horizontal Display Position Register Format 

MSB LSB 

ADDRESS 



180 



HPO 

HP1 

HP2 

- HP3 



-► HP5 



Vertical Display Position 
Register [VPS to VPO] 

This register (address 181) 
stores vertical position of the 
start of the displa y on the TV 
screen. Since the RESET 
input clears this register, a 
value m ust be set after every 
RESET input. Figure 7 shows 
the vertical display position 
register. For the display 
starting position control see 
page 9. 



Figure 7. Vertical Display Position Register Format 

MSB LSB 

ADDRESS 



181 



VPO 
VP1 
VP2 
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Functional Description 

(Continued) 



Display Control Register 

(1) Horizontal Character Size 
Register [HSZ1 and HSZO] 

These bits indicate the width 
of the characters. Character 
width is selectable from 4 
values determined by setting 
HSZ1 and HSZO as shown in 
Table 2. The reset input rests 
both bits to zero. 



Note: T is the period of 
oscillation frequency Q. When 
the oscillation frequency is Q 
[Hz], the period at that time 
T[s] is 1/Q. 

(2) Vertical Character Size 
Register [VSZ1 and VSZO] 

These bits indicate the height 
of the characters. Character 
height is selectable from 4 
values by setting VSZ1 and 
VSZO as shown in Table 3. 
The reset input rests both bits 
to zero. 

Note: 1H (horizontal line) = 
63.5/ys. One screen at 
non-interlace scan is 262.5H. I 

(3) Blinf<ing Register [BLK, 
BLKB and BLINK] 

— Display Blanking Bit [BLK] 

This bit indicates the status of 
the characters display. When 
BLK is zero, no data is 
displayed; to enable display, 
set BLK to "1". The reset input 
resets BLK to zero. 

— Background Blanking Bit 
[BLKB] 

This bit indicates the status of 
the background display. When 
BLKB is zero, background is 
not displayed regardless of 
data content; to enable 
background display, set BLKB 
to 1. The reset input resets 
BLKB to zero. 

— Blinking Enable Bit [BLINK] 

This bit turns blinking on and 
off. When BLINK is zero, 
blinking is disabled regardless 
of blink control bit value of the 
display memory input; when 
BLINK is "1", blinking is 
enabled, provided that the 
blink control bit of the display 
memory is set to "1". The reset 
input resets BLINK to zero. 



Figure 8. Display Control Register Format 

MSB LSB 



ADDRESS 
182 



-»'BLK 1 
-•►BLKB 
-•►BUNK ) 



• BLINKING REGISTER 



Table 2. Horizontal Character Size 



Code 



Size 



Size 



Charac- 
HSZO ter Dot 



HSZ1 



Charac p ^ 

ter 

(when Q = 6MHz, 

T = 167ns) 






1 
1 




1 



1 


10T 
20T 
30T 
40T 


2T 
4T 
6T 
8T 


1 .67//S 
3.34/ys 
5.01/ys 
6.68/ys 


0.33/US 
0.67fjs 
1.0/ws 
1 .34fjs 


Table 3. 


Vertical Ctiaracter Size 






Code 






Size 






VSZ1 




VSZO 


Character 


Dot 





1 
1 






1 



1 


14H 
28H 
42H 
56H 




2H 
4H 
6H 
8H 



Figure 9. General Output Register Format 




Figure 10(a). Direct Address l\/lode Timing 

LOW 



ADM 



J 



V 



ADDRESS (8 BITS) 



X 



-*- LATCH 
DATA 
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Functional Description 

(Continued) 



General Output Register 

This is a 3-bit latched output; 
data written to D02 to DOO is 
output to the open drain 
terminals D02 to DOO. The 
reset input sets D02 to DOO 
lines to "1". 

Data Input 

MB88303 has two modes for 
writing data to the control 
registers and display memory. 
The modes are switched by the 
ADM input. 

Direct Address Mode 

This mode is enabled when 
input to the ADM terminal is 
low. When the input signal to 
the LDI terminal goes high, 
data on DA7 to DAO are 
latched to the address 
register When the LDI 
terminal signal goes low, 
7 bits of data, DA6 to DAO, 
are written to the memory 
specified by the memory 
address register. Fig. 10(a) is 
the timing diagram. 

Address Increment Mode 

This mode is enabled when 
input to the ADM terminal is 
high. When the input signal 
to the LDI terminal goes high, 
the data currently latched to 
the address register are 
incremented. When the LDI 
terminal signal goes low, 7 bits 
of data, DA6 to DAO, are 
written to the memory 
specified by the address 
register after incrementing. 
Fig. 10(b) is the timing 
diagram. 
Reset 

1. The following internal. 
register s are cleared by 
RESET. 

Horizontal character size 
register: HSZ1 = HSZO = "0" 

Horizontal display position 

register: 

HP5toHP0 = "0" 

Vertical character size register: 
VSZ1 = VSZO = "0" 

Vertical display position 
register: 
VP5toVP0 = "0" 

Blinking register: BLINK = 
BLKB = BLK = "0" 



Figure 10(b). Address Increment IVIode Timing 

ADM —--——-— 



HIGH 



y 



V 



X 



- INCREMENT 
ADDRESS 
REGISTER 



Figure 11. Display Start Position 



BLACK 
BACKGROUND 


t 

VS 






y. 


vy 




1 





$$ 

^ 


1 


% 


2 


xyyyyy' 




^ 


y/^ 




y// 


y 


VA 


^yyyyy^ 




20 


■V. 


21 


^ 
^ 


22 


^P 


^ 


^ 


'y 


^ 


% 


my. 



Note: If T(s) is the period when the oscillating frequency 

is fc (Hz), H will be equal toione period of the horizontal 
synchronization signal. 



2. General output register 
(DO out puts) is set by 
RESET 

D02=D01 = DO0 = "1"("H") 

3. VOW and VOB ou tputs are 
initialized by RESET as 
follows: 

VOW = "L", VOB = "H" (Blanks 
are displayed on the screen.) 

No character is displayed on 
the TV screen until "BLK" bit 
(Bit 4 of Blinking Register) is 
set to "1". 



4. Address register and 
Display dat a memo ry are not 
affected by RESET. 



FUJITSU 



4-89 



MB88303 



Functional Description 

(Continued) 



Display Starting Position 
Control 

The horizontal and vertical 
display starting points on the 
TV screen are determined by 
specifying the position at 
which the black background 
display begins. This is done 
with the values of addresses 
HP5 to HPO and VP5 to VPO 
as shown in Fig. 6 ahd Fig. 7. 

The horizontal starting position 
HS and the vertical start 
position VS may be found 
using the following equations: 
HS = T X 4 [25 X HP5 + 24 X 
HP4 + 23 X HP3 + 22 X HP22 
+ 2 X HP1 + HPO) + P] 

VS = Hx4(25x VP5 + 2''x 
VP4 + 23 X VPS + 22 X VP2 + 2 X 
VP1 + VPO) 

where: P - width of character, 

from Table 4; 

T = 1/fc [fc = oscillating 

frequency; 6MHz typ.] 

H = period of horizontal 

synchronization signal 

[63.5/ys typ.] 

Blinking Control 

The MB88303 supports 
blinking of any desired 
character(s) on the screen. 
Blinking affects only those 
characters for which the 
blinking bit is set to 1. Display 
is on for approximately 0.5s 
and off for the same period 
(vertical synchronization 
pulse X 64). 



Table 4. 
HSZ1 


P Values 


HSZO 


p 










9 







1 


10 


1 







11 


1 




1 


12 





Figure 12(a). Dot Filling Examples 



INTERNAL DOT PATTERN 



(A) 


m 








M 






(C) 




m 




i 





DISPLAY DOT PATTERN 
(B) I 



^ 



a c=^ 




Figure 12(b). Simple 5x7 Matrix [Left] & 

with "Filling" Function [Right] 



^ 

^ 



^ 



^ 



^ 
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Blinking can be set as follows: 

1. Set the blinking enable bit 
of the display control register 
tol. 

2. Set the blink control bit to 1 
for the position of the display 
memory corresponding to the 
character for which blinking is 
desired. 



"Filling" Function 

"Filling" is the process 
whereby dot matrix displays 
like those in (A) of Fig. 12(a) 'a, 
are filled out to the form 
shown in (B) by the display of 
an intermediate dot. As can be 
seen from Fig. 12(b) "filling" 
results in a smoother and 
more pleasing shape than 
can be attained with an 
ordinary 5 x 7-dot matrix. 
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Functional Description 

(Continued) 



Display Output Timing 

Fig 13. sh ows t he timing for 
VOW and VOB for the 
overlayed portion of a display 
consisting of the letter "A", a 
"blank" (character code OF), 
"background" (character 
code 2E), and the letter "B", 
with the display blinking and 
background blanking set to 1. 
Note that the display of the 
background changes during 
the "BLA NK" character when 
the VOB line goes high. 

Difference Between Blanks 
and Baclcground 

Note: In Fig. 14(b) which 
shows a screen of characters 
overlaying the picture of a 



woman, a blank (character 
code OF) displays differently 
from background (character 
code 2E), depending on 
whether VOB is used or not. 

In Fig. 14(b) both pictures 
display the letter "A", a 
"blank", a "background" the 
letter "B", and a "blank". 

In the right p icture of Fig. 
14(b), where VOB is on, the 
character displays are 
bounded by a black frame, so 
that the spaces between 
characters display as black. 
Where a blank is displayed, a 
5 X 7-dot portion of the TV 
picture is visible. The 



background display is 
black. 

In the left picture of Fig. 
14(b), were VOB is off. the TV 
picture is visible everywhere 
on the screen except where 
the characters display in 
white. Here, blanks and 
background are displayed 
identically. Note that the 
broken lines have been drawn 
in to indicate where the 
frames would be displayed if 
they were displayed on the 
screen. 



Figure 13. Display Output Timing 



TIMING FOR 
THIS AREA 



i:^ 



I 



>Ji K 



BLANK 

(CHARACTER 

CODE OF) 



I I 

1 BACKGROUND I 

I (CHARACTER Z 

j CODE 2E) I 



a 



P 



ii— 



Fig 14(a). Display of 
TV Picture 



Fig 14(b). Display of Character on TV Picture 

• VOB OFF • VOB ON 




_^ 


BLANK 


BACK- 
GROUND 


B E 


LANK 




^^'V 




E] 


fi 


I 


I 


\ 


y ^ 


\; 




I 
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Notes: 

1 . For HSYNC and VSYNC input signals, both cycle and rise/fall times must be constant. 

2. Character output during the blanking period of TV should be inhibited. If not, character 
shapes may change. So, blanks should be written for memory addresses which cannot be 
displayed on the screen. 
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Functional Description 

(Continued) 



Figure 15. Application Example 



|PROCESSOR| 



I TELEVISION SET I 




Absolute Maximum 
Ratings 



Parameter 


Symbol 


Pin 


Rating 


Unit 


Supply Voltage 


Vcc 


Vcc 


Vss -0.3 to Vss +7.0 


V 


Input Voltage 


V,N 


EX, RESET ADM, 
LDI, DA7-DA0 


Vss -0.3 to Vss +7.0 


V 


Output Voltage 


VOUT 


VOW, VOB 
DO0-DO2 


Vss -0-3 to Vss +7.0 
Vss -0.3 to Vss +15 


- V 


Operating Temperature 


Ta 




-30 to +70 


°c 


Storage Temperature 


Tst. 




-55 to +150 


°c 


Power Dissipation 


Pd 




600 


mW 



Note: Permanent device damage may occur if ABSOLUTE IVIAXIMUM RATINGS are exceeded. Functional 
operation should be restricted to the conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
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Recommended Operating 
Conditions 



Value 



Parameter 


Symbol 


Pin 


Min. 


lyp. 


Max. 


Unit 


Supply Voltage 


Vcc 


Vcc 


4.5 


5.0 


5.5 


\/ 


Vss 


Vss 


— 











V|H 


DA7-DA0, ADM 


2.0 




Vcc 


V 


Input High Voltage 


V.HS 


RESET. LDI 
VSYNC, HSYNC 


3.0 




Vcc 


V 


Input Low Voltage 


V,L 


DA7-DA0. ADM 
RESET. LDI 
VSYNC, HSYNC, 
EX 


-0.3 




0.8 


V 


Operating Temperature 


Ta 




-30 




+70 


°c 


Operating Clock 
Frequency 


fc 


EX, X 






6.7 


MHz 



DC Characteristics 

(Recommended operating 
conditions unless otherwise 
noted.) 



Value 



Parameter 


Symbol Pin 


Min. IVp. 


Max. 


Unit 


Condition 


Output High 
Voltage 


VOW, VOB 
Vqh 

DO2-DO0 


2.4 - 
Open Drain 


- 


_ V 


Vcc = 4.5V, 
loH = -200M 



VOW, VOB 



0.4 



Vcc = 4.5V, 
loL= 1.8mA 



Output Low 
Voltage 



DO2-DO0 



0.4 



Vcc = 4.5V, 
Iql = 1.8mA, 
with 5kQ external 
pull-up resistor 



Output Leakage 
Current 



DO2-DO0 



50 



yuA 



Vcc = 5.5V, 
Vqh = 13.2V, 
at OFF state with 
with 5KO external 
pull-up resistor 



Input Leakage 
Current 


l|L 


RESET. LDI. 
ADM. VSYNC. 
HSYNC, 
DA7-DA0 


- 


-60 


y"A 


Vcc = 5.5V, 
V|L = 0.4V 


Supply Current 


Ice 


Vcc 


80 


120 


mA 


Vcc = 5.5V, 
All outputs open, 
fc = 6.7MH2, 
reset state 
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AC Characteristics 

(Recommendecl operating 
conditions unless otherwise 
noted.) 



Value 



Parameter 


Symbol 


Pin 


Min. 


Max. 


Unit 


Condition 


LDI Pulse Width 


twLDI 


LDI 


5 




yUS 


Fig. 15, Fig. 18 


LDI Rise/Fall Time 


trLDI 
tfLDI 


LDI 




1 


/iS 


Fig. 15, Fig. 18 


ADM Setup Time 


Us 


ADM 


0.5 




fjS 


Fig. 15, Fig. 18 


ADM Hold Time 


tAH 


ADM 


2 




fjS 


Fig. 15, Fig. 18 


Address/Data Setup Time ts 


DAO to DA7 


0.5 




JJS 


Fig. 15, Fig. 18 


Address/Data Hold Time 


tH 


DAO to DA7 


2 




fJS 


Fig. 15, Fig. 18 


DO Output Delay Time 


too 


DOO to D02 




0.6 


yWS 


Fig. 16, Fig. 18 


RESET Pulse Width 


tpST 


RESET 


4 




US 


Fig. 17, Fig. 18 


RESET Setup Time 


tpSTS 


RESET 


1 




fjS 


Fig. 17, Fig. 18 


RESET Hold Time 


^RSTH 


RESET 


3 




/JS 


Fig. 17, Fig. 18 





Figure 15. Address/Data Input Timing 
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Figure 16. DO Output Timing 
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Figure 17. RESET Input Timing 
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Notes: 

1. If tpsTS spec. (1/ys min.) is not met, the 
MB88303 cannot be reset. 

2. If tRSTH spec. (3/iS min.) is not met, then the 
TV screen will be disturbed. This is caused 
by the undefined data on the DA line written 
into internal registers and display memory 
at LDI's high-to-low transition during 
RESE T = "L". This case occurs, for example, 
when RESET goes high just after LDI goes 
low, shown at top, rig ht diagram. This 
unacceptable RESET timing is caused when 
the device is reset separately from the 
processor connected to the device. 
However, when LDI leve l is fixed high or low 
during reset (i.e. RESET = "L") shown at 
bottom right diagram, the TV screen is not 
disturbed. 




ZX 
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Figure 18. AC Test Conditions 
Input Conditions 

Timing Reference Levels: 

3.0V for a logic "1 " (RESET LDI) 
2.0V for a logic "1" (ADM, DA7-DA0) 
0.8V for a logic "0" 

Output Conditions 

Timing Reference Levels: 

2.4V for a logic "1" 
0.4V for a logic "0" 

Output Load Circuit: 

Rl = 4kO 

Cl = 50pF 

(including scope and jig capacitances) 

*with external 5kO pull-up resistor at DO2-DO0 

for too 



X'-'" ^ TEST - 20V\/^ 
POINT J\ 

0.8V -*^ ^^ 0.8V^ X 



DEVICE 
UNDER 
TEST* 



-Kh 



777 
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Figure 19. RC— Network Oscillator Circuit 
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Note: The clock frequency (fc) has wide 
variation from device to device. 
The cloclt frequency also consider- 
ably depends on the ambient tem- 
perature and supply voltage. 
Therefore, to limit the clock fre- 
quency within the specified range, 
it is required to adjust it with the 
external resistor in advance. 



I/O Circuit Configuration 



Pin 



Type Circuit Diagram 



Ciiaracteristics 



RESET 

LDI 

ADM 

DA0-DA 7 

HSYNC 

VSYNC 



Input 




Pui\ Up Resistor: 

l,L^60/iA 

at Vcc = 5.5V. V||_ = 0.4V 



DO0-DO2 Output 




High-Voltage Open Drain: 

l,L^0.4V 

at Vcc = 4.5V, Vol = 1.8mA,* 

l|eak ^ 50M 

at Vcc = 5.5V, Vqh = 13.2V, OFF state,* 

*with external 5kQ pull up resistor 



VOW 
VOB 



rl>- 



Output 



K 



-a 



i 



Pull Up Resistor: 

Vqh ^ 2.4V 

at Vcc = 4.5V, loH = -200/iA 

Vol ^ 0.4V 

at Vcc = 4.5V, loL= 1-8mA 
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Package Dimensions 

Dimensions in inches 
(millimeters) 



22-Lead Plastic 
Dual In-Line Package 
DiP-22P-M02 



nnnnnnnnn 



uuuuuuuuuuu 

^ 1.067(27.10) 



.346(8.8) -390(9.91) 

.366(9.3) .410(10.41) 



X 



-.050(1. 27) MAX 




I .047(1.19) 
.062(1.57) 



197(5.00)MAX 



.020(0.51 )MIN 
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DESCRIPTIOH 

The Fujitsu MB88313 CMOS Television Display Controller (TVDC) is a 
programmable Interface LSI device, which displays 1 6 alphanumeric and 
symbol characters of a 32-character set in four colors on a standard 
color TV (NTSC, PAL, SECAM, etc.) screen under control of a general 4 
or 8-bit microcomputer. 

The MB88313 contains a display memory (16 x 8 bit static RAM), an 
address counter, six programmable control registers, a character gener- 
ator (5 X 7 X 32-bit mask ROM), ind a clock generator. 16 characters, of 
which codes are written into the display memory, and displayed on the 
TV screen, superimposed on the picture. Various screen features, such 
as screen format, character size, display start position, character attri- 
butes (color and blink), are controlled by programming the control regis- 
ters using control commands serially loaded by the processor. The stan- 
dard TVDC's character generator contains the Fujitsu standard charac- 
ter set. User designed character patterns are also acceptable on the 
mask ROM. The on-chip clock generator oscillates with an external RC 
or LC network. 

The MB88313 is fabricated with the silicon-gate CMOS process, and 
packaged in a standard 16-pin plastic DIP or SOP. It operates with a 
single +5V power supply and 7 MHz clock over the ambient tempera- 
ture range of -30''C to +70°C. 

The MB88313 is suitable for display of simple character information on 
the TV screen, such as TV channel numbers, voice volume, VTR tape 
remainder and recording date and time, for which LCD or LED displays 
have been used. 

FEATURES 

• External synchronization type character display controller 

• Display method: Characters are supe rimp osed on the picture of a TV 
screen synchronized with TV HSYNC and VSYNC signals 

• Command drive method: Display memory and internal registers are 
programmed by eight 8-bit control commands serially 

loaded by the processor 

• Programmable screen format: 
—8 characters x 2 lines 

— 1 6 characters x 1 line 

• Fixed character format: 5x7 dot matrix with automatic 
rounding function 

• 32 mask programmable character patterns: 
— Fujitsu standard character set 

— User-designed character set 




Plastic DIP 

(Suffix -P) 

DIP-16P-M02 




Plastic SOP 

(Suffix -PF) 

FPT-16P-M02 
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FEATURES (Continued) 

• Programmable character size: 
— 4 selections for width 

—4 selections for height 

• Programmable display position: 

— 29 selections for horizontal position 
— 31 selections for vertical position 

• Programmable screen controls: 
— Screen format control 

— Background control 
— Blink control 
— Color control 

• Interfaceable to general 4 & 8-bit microprocessors 

• Interfaceable to standard color TV (NTSC, PAL, SECAM, etc.), 
standard monochrome TV sets, and interlace & 
non-interlace CRTs 



• Seven programmable registers [address counter & 
control registersl 

• 5x7 X 32-bit mask ROM [character generator] 

• 1 6 X 8-bit static RAM [display memory] 

• On-chip clock generator for external RC/LC components 

• Silicon-gate CMOS process 

• Single + 5V power supply 

• TTL compatible I/O ports 

• Up to 7 MHz clock 

• -30°C to +70''C operating temperature range 

• Two package options: 
—16-pin DIP (Suffix -P) 
—16-pin SOP (Suffix -PF) 



PIN ASSIGNMENT AND LOGIC SYMBOL 



RESET C 




■V>r 


16 


TEST CZ 






15 


55 C 






14 


SCLK C 




TOP 


13 


SI CZ 




VIEW 


12 


X C 






11 


EX EZ 






10 


Vss C 






9 



13 Vcc 

VSYNC 

HSYNC 

D02 

D01 

DOO 

VOC 

VOB 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields. Hov^ever, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high impedance circuit. 



Processor 
Interface 



RC or LC 
NETWORK 



Television 
Interface 



-HSYNC 
- VSYNC 



-/ B^ OO2-DO0 



rtr 
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BLOCK DIAGRAM 
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SCLK HJ— ' 
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SHIFT REGISTER 




QENERAI. OUTPUT REGISTER 
ft OUTPUT CONTROL 



HORIZONTAL 




HORIZONTAL 




VERTICAL 


CHARACTER 




DISPLAY 




CHARACTER 


SIZE 








SIZE 


REGISTER 




REGISTER 




REGISTER 



HORIZONTAL 
CHARACTER 

SIZE 
CONTROLLER 




HORIZONTAL 
DISPLAY 
POSITION 

CONTROLLER 



VERTICAL 
DISPLAY 
POSITION 
REGISTER 



SCREEN 
CONTROL 
REGISTER 



VERTICAL 
CHARACTER 

SIZE 
CONTROLLER 



EX X HSYNC 



VERTICAL 

DISPLAY 

POSITION 

CONTROLLER 



ZJ. 



IrffU 



DISPLAYED 
CHARACTER 
SELECTION 



t 



1^ 



I CHARACTER I 

I GENERATOR I 

DISPLAY 
CONTROL 

VOC VOB 
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PIN DESCRIPTION 

The MB88313 TVDC has two interfaces: One is the processor interface consisting of, CS, SCLK, and SI inputs w hich are use d for the 
processor to seri ally l oad control commands into the TVDC. The other is the television interface, consisting of, HSYNC and VSYNC 
inputs and VOC, VOB and DO2-DO0 outputs which are used for the TVDC to display characters on the TV screen. 



Table 1. Pin Description 



Symbol 


Number 


Type 


Name A Function 



Power Supply A Ciocic 



Vcc 


16 


— 


+ 5 V do power supply pin. 


Vss 


8 


— 


Power supply ground pin. 


EX 
X 


7 
6 


1 



Oscillator input/output: With an external capacitor (C) and resistor (R) or, inductor (L) 
and capacitors (C) connected to the EX and X pins, the on-chip oscillator generates 
the internal clock. A clock frequency is determined by the values of R and C, or L and C. 


TEST 


2 





Test output: This output pin is enabled in the test mode, which is used for the shipping 
test purposes only at Fujitsu. In the normal operation mode, this output pin is low, 
and may be left open. 



• Processor Interface 



• Television Interface 





1 


1 


Reset input: A low level on the RESET pin stops the TVDC's operations, initializes the 
internal control registers and clamps the outputs as follows: 

1 . Horizontal /vertical character size registers, horizontal/vertical display position 
registers, screen control register and general output register are all cleared. 

2. All inputs are inactive. 

3. VOC and DO2-DO0 output pins are clamped low, and VOB is clamped high. 


RESET 


The display memory is not affected by the RESET. The command shift register, 
command register and address counter are undefined after a reset. 


After the RESET pin is driven high, the TVDC restarts Its display operations. This pin is 
a hysteresis input 


CS 


3 


1 


Chip select input: A low level on the CS pin resets the internal SCLK counter, and 
enables the command shift register to receive serial data through the SI input pin. 


SCLK 


4 


1 


Shift clock input: The rising edge of the SCLK moves data on the SI pin into the 
command shift register, and also increments the internal SCLK counter. 


SI 


5 


1 


Serial command input: A cpmmand bit on the SI pin is shifted into the MSB of the 
command shift register at the rising edge of the SCLK. At the eighth rising edge, which 
is counted by the internal SCLK counter, an 8-bit command word is latched into the 
command register. 





14 


1 


Horizontal sync input: Horizontal synchronization pulse signal (negative pulse) provided 
by TV set should be applied to this input pin. The TVDC outputs character and 
background signals (VOC and VOB) synchronously with this signal. This pin is a 
hysteresis input 


HYSNC 




15 


1 


Vertical sync input: Vertical synchronization pulse signal (negative pulse) provided by 
TV set should be applied to this input pin. The TVDC outputs character and background 
signals (VOC and VOB) synchronously with this signal. This pin is a hysteresis input 


VSYNC 
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PIN DESCRIPTION (Continued) 



Symbol 


Number 


Type 


Name ft Function 


voc 


10 





Video output for character: This pin outputs a high level for character dot patterns, and 
is clamped low during the reset mode, standby mode, and non-display mode, 
disabling character display on the TV screen. 


VOB 


9 





Video output for background: This pin outputs a low level for background or edge 
portion of character dot matrix during the background or edge mode, respectively. 

The VOB output is clamped high during the reset mode, standby mode, non-display 
mode, and non-background/edge mode, disabling background and edge displays on 
the TV screen. 


DO2-DO0 


13-11 





Data outputs: These outputs are controlled by the GOC bit: When GOC = (i.e., the 
general output mode), a 3-bit data in the on-chip general output register is output at 
these output pins. These are used for general control outputs. When GOC = 1 (i.e., the 
color display mode), the attribute code bits AC1 and ACO are output at the D01 and 
DOO pins, respectively. These are used as color control data. The remaining bit of the 
general output register appears at the D02 pin. 



BLOCK DESCRIPTION 



Refer to Block Diagram on page 3. 

The MB88313 TVDC contains the following main functional 
blocks: 

• Clock generator 

• Character generator 

• Display memory 

• Address counter 

• Command shift 
register and 
command register 

• Six control registers 

Clock Generator 



Register 
Set 



Display Memory 

The MB88313 has a 16 x 8 bit static RAM as a display memory, 
which stores 1 6 character codes and their attribute codes to be 
displayed on the TV screen. The 16 memory locations are ad- 
dressed by a 4-bit address counter (A3-A0). Figure 1 shows the 
display memory map: Each memory word is divided into two 
fields: The lower 5 bits (CH4-CH0) defines a character code, 
and the upper 3 bits (AC2-AC0) defines its attribute codes (col- 
or code and blink code). Each field of a word addressed by the 
address counter is written separately by the processor using 
Commands and 6 r espectiv ely. See Table 1 . The display mem- 
ory is not affected by RESET, and is retained during the standby 
mode. 



The MB88313 has an on-chip clock generator, which provides a 
basic timing clock to internal circuits. The clock frequency is de- 
termined by external RC or LC network. 

For synchronizati on, the clock supply to the internal circuit is 
stopped while the HSYNC is low. The clock generator is stopped 
during the standby mode, which is initiated by software (Com- 
mand 6). 

Character Generator 

The MB88313 has a 5 x 7 x 32 bit mask ROM as a character 
generator, which stores thirty-two 5 x 7-dot character patterns 
encoded into character codes. The character generator defines 
a character set. The standard MB88313 has the Fujitsu standard 
character set shown In Figure 1 5. Those characters are indicat- 
ed by character codes shown in Table 5. A user-designed char- 
acter set is also programmed on the mask ROM using metal op- 
tion. But character codes, (OF)H and (1F)H are reserved as 
"blank" and "background" codes. 



Register Set 

The MB88313 contains a register set consisting of an address 
counter, command shift register, command register, and six con- 
trol registers, which are programmed using control commands or 
directly loaded by the processor. See Table 1. 

Command Shift Register and Command Register (CMT- 
CMO) 

The command shift register is an 8-bit serial-in/parallel-out shift 
register that assembles serial command bits (provided by the 
processor through the SI Input synchronously with the SCLK in- 
put) into an 8-bit command word during the command load oper- 
ation. 

The command register is an 8-bit write-only register that holds 
control commands transferred in parallel from the command 
shift register. The transferred 8-bit command word is output to 
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BLOCK DESCRIPTION (Continued) 

the command decoder to generate internal control signals. Fig- 
ure 2 shows the command shift register and command register 
configuration. 

Both registers are undefined after a reset, and hold the current 
state during the standby mode. 

Address Counter (A3-A0) 

The address counter is a 4-bit binary counter which addresses a 
display data memory location written by Commands and 6. 
The address counter is preset by Command 1 , and is automati- 
cally Incremented by Command 0. Figure 3 shows the address 
counter format. The address counter is undefined after a reset, 
and holds the current state during the standby mode. 

HorizonUI Display Position Register (HP4-HP0) 

The horizontal display position register is a 5-bit write-only regis- 
ter which selects one of 29 horizontal positions from wher^ the 
first character (including blank and background) begins to ap- 
pear on the screen. This control register is pr ogramm ed by the 
processor using Command 2, and cleared by RESET. Figure 4 
shows the horizontal position register format. During the standby 
mode, this register holds the current state. 



Figure 1. Display Memory Map 



MSB 


LSB 


address 

(Hex) AC2 AC1 AGO 


CH4 CHS CH2 CH1 CHO 







1 




2 




3 




4 




5 




6 




7 




8 




9 




A 




B 




C 




D 




E 




F 





Attribute 
Code Field 



J ^ 



Character 
Code Field 



Notes: 

1 . Address is indicated by Address Counter, which is setup using Comnnand 1 . 

2. Attribute code field is written by Command 6. 

3. Character code field is written by Command 0. 



Table 2. Display Memory A Register Set Summary 



Register Hame 


Bit Symbol 




Display Memory 


AC2-AC0: 
CH4-GH0 


CommariB 0, Command 6 


Command Shift Register & Command Register 


CM7-GM0 


Serial Load 
& Parallel Latch 


Address Counter 


A3-A0 


Command 1 


Control 
Registers 


Horizontal Display Position Register 


HP4-HP0 


Command 2 


Vertical Display Position Register 


VP4-VP0 


Command 3 


Horizontal Character Size Register 


HS1-HS0 


Command 4 


Vertical Character Size Register 


VS1-VS0 


Command 4 


Screen Control Register 


SG4-SC0 


Command 5 


General Output Register 


GO2-GO0 


Command 7 
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BLOCK DESCRIPTION (Continued) 

Vertical Display Position Register (VP4-VP0) 



The vertical display position register is a 5-bit write-only register using Command 3, and is cleared by RESET. Figure 5 shows the 

which selects one of 31 vertical positions from which the first vertical position register format. During the standby mode, this 

character (including blank and background) begins to appear on register holds the current state, 
the screen. This control register is programmed by the processor 



Figure 2. Command Register Configuration 
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CM7 


CMS 


CMS 


CM4 


CM3 


CM2 


CM1 


CMO 
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1 


1 


SCLK 
COUNTER 


CM7 


CM6 


CMS 


CM4 


CM3 


CM2 


CM1 


CMO 










J 




1 

t 














1 


1 



COMMAND DECODER 



INTERNAL CONTROL SIGNALS 



\ 



Command register is written by the processor through command shift register. 



Figure 3. Address Counter Format 

MSB LSB 



Figure 5. Vertical Position Register Format 

MSB LSB 



A2 



A1 



AO 



VP4 


VP3 


VP2 


VP1 


VPO 



Not*: 

Address counter is programmed by Command 1 . 

Figure 4. Horizontal Position Register Format 

MSB LSB 



HP4 


HP3 


HP2 


HP1 


HPO 1 



Notes: 

1 . VP = H X 4 X (25VP4 + a^VPa + 23VP2 + 22VP1 + 2VP0) + 1 ) 
Where, VP: Vertical display start position; referred to the rising edge of 

VSYNC 
H: Horizontal sync cycle time; H = 63.5 [/ois] 

2. Vertical position register is programmed by Command 3. 



Notes: 

1. HP = T X (4 X (25HP4 + 24HP3 + 23HP2 + 22HP1 + 2HP0) + P) 
Where, P = 1 0, 1 1 , 1 2 and 1 3 for (HS1 , HSO) = (0,0), (0,1 ), (1 ,0) and 

(1,1), respectively 
HP: Horizontal display start position; referenced to the rising edge of HSYNC 
T: Clock Cycle time; T(S) = 1 /fc [Hz] 

2. Horizontal position register is programmed by Command 2. 

Table 3. DC Outputs in Color Display Mode 



Video Signal 


DO Outputs 


Display 


vol 


voc 


D02 = G02 


D02 = AC1 


DOO = ACQ 


X 


1 


X 








Character 





1 


1 





1 


1 


1 











X 


Blank 





Black (Background) 
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BLOCK DESCRIPTION (Continued) 

Horizontal Character Size Register (HS1 and HSO) 

The horizontal character size register Is a 2-bit write-only register 
which selects one of 4 character widths. This control register is 
pr ogramme d by the processor using Command 4, and cleared 
by RESET. Figure 6 shows the horizontal character size register 
format. During the standby mode, this register holds the current 
state. 

Vertical Cliaracter Size Register (VS1 and VSO) 

The vertical character size register is a 2-bit write-only register 
which selects one of 4 character heights. This control register is 
pro gramme d by the processor using Command 4, and cleared 
by RESET. Figure 7 shows the vertical character size register 
format. During the standby mode, this register holds the current 
state. 



Screen Control Register (SC4-SC0) 

The screen control register is a 5-bit write-only register which 
controls screen features: Screen format, display mode, and 
blinking. This control register is pr ogramm ed by the processor 
using Command 5, and cleared by RESET. Figure 8 shows the 
screen control register format and bit functions. During the 
standby mode, this register holds the current state. 

Note: 

When the display is disabled (SCO == 0), the background nnust be also disabled 
(SC1 = 0). 

General Output Register (GO2>GO0) 

The general output register is a 3-bit write-only output register 
which latches 3-bit output data written into by Command 7. De- 
pending on the general output register control bit GOC, the 
TVDC has two output modes for the DO2-DO0 pins. During the 
general output mode (GOC = "0"), the latched data appears at 





MSB 


LSB 


Figure 6. Horizontal Character Size Register Format 

sfll'iode Horizontal 

size code Character Horizontal 

HS1 HSO Size (Width) Dot Size 




HS1 


HSO 


1^ 






1 







10T 


2T 




1 


20T 


4T 




1 


30T 


6T 




1 1 


40T 


8T 








1.T: Clock cycle time; T[s] 
2. Horizontal character size 


= 1 /fc [Hz] 

register is programmed by Command 4. 


8313-7 



Figure 7. Vertical Character Size Register Format 



MSB 



LSB 



VS1 


VSO 



Vertical 



Vertical 



»ize c< 
VS1 


>ae 
VSO 


Character 

Size (Height) 


Vertical 
Dot Size 








14H 




2H 





1 


28H 




4H 


1 





42 H 




6H 


1 


1 


56H 




8H 



1 . H: Horizontal sync cycle time; H = 63.5 [fis] 

2. Vertical character size register is programmed by Command 4. 
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BLOCK DESCRIPTION (Continued) 




















Figure 8. Screen Control Register Format 

MSB LSB 
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SC4 


SC3 


SC2 


SCI 


SCO 


























SCO 


Display Enable (For Full Screen) 











Display on TV screen is disabled 


1 


Display on TV screen is enabled 








SCI 


Background Enable 











Background display is disabled 


1 


Background display is enabled 








SC2 


Background/Edge Select 











Background display is selected 


1 


Edge display is selected 








SC3 


Screen Format Select 











16 characters x 1 line 


1 


8 charactaers x 2 lines 








SC4 


Blink Enable (for Full Screen) 











Blink is disabled 


1 


Blink is enabled 












N 


oto: 

Screen 


con 


trol 


register 


s programmed by Command 5. 



Figure 9. General Output Register Format 

General Output Mode Color Display Mode 
GOC MSB LSB 








G02 


G01 


GOO 


— DOO 




AC2 


AC1 


AGO 


DOO 












L 




















D01 










D01 








DC 










GOC 














1 




G02 


G01 


GOO 










m 


38 






L 


.38 
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Note: 

General output register is programmed by Command 7. 
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BLOCK DESCRIPTION (Continued) 

the DO2-DO0 output pins. During the color display mode (GOC 
= "1"), the color code bits AC1 and AGO stored in each attri- 
bute field of the display memory are automatically output on the 
D01 and the DOO pins respectively while the VOC output is 
high. When the VOC is low, the D01 and DOO pins are clamped 
low. The G02 bit only appears at the D02 in the color display 
mode. See Table 3. Controlling RGB signals by the D01 and 
DOO and VOC, four-colored characters can be displayed. 

This control register and control bit GOC are programmed by the 
processor using Command 7, and cleared by RESET. Figure 9 
shows the general output register format. During the standby 
mode and non-display mode, the DO2-DO0 output are clamped 
low, regardless of the general output mode or the color display 
mode. 

FUNCTIONAL DESCRIPTION 

The MB88313 TVDC is an external synchronization type pro- 
grammable character display controller. Under control of a 4 or 
8-bit general microprocessor, it displays 16 characters of 32- 
character set with various character attributes (color and blink) 



and screen features (screen format, character size, and display 
position) on a standard monochrome or color TV screen, super- 
imposed on the picture. The MB88313 can interface to NTSC, 
PAL and SECAM standard color TV set, and also to the raster 
scan type CRT, regardless of interlace or nonlnterlace scan. 

The MB88313 has three operation modes; the active mode, 
standby mode and reset mode. The active mode operations are 
described on pages 10-16. Both Standby mode operations, and 
Reset mode operations are described starting on page 1 7. 

Active Operations 

Character & attribute codes and feature control codes are writ- 
ten into the on-chip display memory and control registers by the 
processor using control commands, respectively. The control 
commands are serially loaded into the on-chip command register 
through the processor interface pins, CS, SCLK, and SI. Accord- 
ing to the programmed character & attribute codes and control 
codes, the MB88313 issu es th e character & backgrou nd video 
sign als from the VOC and VOB pins synchronously with HSYNC 
and VSYNC, signals provided by the TV set. Also, the D02- 
DOO outputs are used as color control or other general control 
signals to the TV set. 



INPUT/OUTPUT CIRCUITS 



TYPE 


PIN 


MB88306/308 


MB88307/309 


a. 


LOAD 

SC(SC) 

RESET 


HYSTERESIS INPUT 

n-|>o-. 


HYSTERESIS INPUT 

Q-^X)— 


OE 
SI 


NON-HYSTERESIS INPUT 

n-I>o- 


NON-HYSTERESIS INPUT 

D-I>o-> 


o 


O7-O0 


CMOS 3-STATE OUTPUT 


NMOS OPEN-DRAIN OUTPUT 


r Jl 


SO 


CMOS OUTPUT 


NMOS OPEN-DRAIN OUTPUT 
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FUNCTIONAL DESCRIPTION (Continued) 

Command Load Oporation 

The processor serially loads 8-bit commands into the TVDC's 
command shift register using the processor inputs, CS, SCLK 
and S!. The loaded command is parallel latched into the com- 
mand register. According to the command, control data is written 
into a designated memory location, address counter, or control 
register. 

Figures 1 and 1 1 show the command register configuration and 
command load timing: A low level on the CS pin initializes the 
SCLK counter and enables the command shift register to receive 
command words. Then, synchronously with the SCLK shift clock 
input, an 8-bit command word is serially loaded into the com- 
mand shift register through the SI input pin. At the rising edge of 
SCLK, a command bit on the SI pin is shifted into the MSB of 
the command shift register and at the same time the command 
shift register bits are right shifted. The rising edge of SCLK is 



counted by the SCLK counter, and at the eighth rising edge, the 
8-bit command word is latched into the command register, 
where the first-ln bit Is the LSB and the last-in bit is the MSB. 
After that, the command is decoded to generate internal control 
signals. 



In successive command loading a few hundred ns after completion of one 
command loading, the next loading should not be made. 

Display Operations 

According to programmed display memory an d con trol registers, 
the MB88313 issues video si gnals, V OC a nd VOB for character 
patterns synchronously with HSYNC and VSYNC signals sup- 
plied by the TV set, and also outputs feature control signals on 
the DO2-DO0 pins. 





MSB LSB 






OS 


— ' 


. 


CM7 


CM6 


CMS 1 CM4 1 CM3 | CM2 
COMMAND SHIFT REGISTER 
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1 I 
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\ 
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INTERNAL CONTROL SIGNALS 


' ' 
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Figure 11. Command Load Timing 
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FUHCTIONAL DESCRIPTION (Continued) 

Screen Format Control 

The MB88313 can display 16 characters in the format of 16 
characters x 1 line (with one-dot horizontal spacing) or 8 charac- 
ters X 2 lines (with one-dot horizontal & two-dot vertical spac- 
ings) on the TV screen. Either format can be selected by con- 
trolling the SC3 bit using Command 5: SC3 = "1" for 16 charac- 
ters X 1 line, and SC3 = "0" for 8 characters x 2 lines. Figure 
1 2 shows the two screen formats. 

Character Format and Automatic Rounding Function 

The character patterns are formatted as 5 x 7 dot matrix, stored 
in the on-chip character generator mask ROM. Figure 13 shows 
the character format. But, on the actual TV screen, this format is 
modified by the automatic rounding function. See Figure 14-1: 
When the internal original dot pattern (i.e., raw output signal 
from the character generator) contains diagonally aligned dots, a 
dot is automatically inserted between every diagonal dot to 



smooth the character form. Figure 14-2 shows an example of 
this rounding function. 

Character Patterns and Codes 

The MB88313 has a character set of 32 character patterns, 
which is defined by the on-chip character generator mask ROM. 
Figure 1 5 shows the standard character set. Each character pat- 
tern is encoded as shown in Table 5. The MB88313 can also 
have user-designed character set (except blank and back- 
ground) by programming the mask ROM. 

Display Mode Control (Character/ Background Control) 

One of four display modes can be selected by the five screen 
control bits SC4-SC0 using Command 5, as shown in Table 4. 
Figure 16 shows examples of the display states, as well as the 
VOC and VOB output timing signals on line AA' for character 
codes of 1, 2, blank, background, 3, and 4 in the three display 
modes, except the non-display mode. 



Figure 1 2. Screen Format 



• 16 characters x 1 line 



^^□□□□□□□□□□QHHQa 



5 DOTS 1 DOT 



• 8 characters X 2 lines 



=!□□□□□□□□ 



5 DOTS 1 DOT 



Each box represents one character display area (5x7 dots). The hexadecimals represent display mennory addresses. 



Table 4. Display Mode Control 










Screen Control Bits 




SC4 


SC3 


SC2 


SCI 


SCO 


X 


X 


X 


X 





Non Display Mode: No 
characters nor background 
are displayed 


X 





X 





1 


Non-Background/ Edge 
Mode: Characters are 
displayed, nor background 


X 








1 


1 


Edge Mode: Edged 
characters are 
displayed 


X 





1 


1 


1 


Background Mode: 
Characters with black 
background are displayed 
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FUNCTIONAL DESCRIPTION (Continued) 

Display Start Position Control 

The horizontal and vertical display start positions on the TV 
screen are defined by the horizontal and vertical display position 
registers. Programming these control registers using Commands 
2 and 4, the display start position (HP, VP) can be determined. 
For the horizontal position, 29 selections, and for the vertical po- 
sition, 31 selections are possible. Figure 17 shows the definition 
of the display start position. 

The hor izontal display start p ositio n HP (from the rising edge of 
HSYNC to the falling edge of VOB) a nd the v ertical display start 
po sition VP (from the rising edge of VSYNC to the falling edge 
of VOB) are calculated from programmed values of HP5 to HPO 
and VPS to VPO using the following equations: 



HP = T X 4 X [(25 X HP5 + 24 
HP2 + 2 X HP1 + HPO) + P] 



X HP4 + 23 X HP3 + 22 X 



VP = H X 4 X (25 X VPS + 24 X VP4 + 23 X VP3 + 22 X 
VP2 + 2 X VP1 + VPO) 

Where: P = 9. 10, 11, 12 for (HS1. HSO) = (0,0), (0,1), (1,0), 
and (1,1) respectively 

T = Clock (oscillation) cycle time [7 MHz max.] 

H = Horizontal sync cycle time [63.S jus typ.] 

Character Size Control 

The character width and height on the TV screen are defined by 
the horizontal and vertical character size registers. Programming 
these control registers using Command 4, the character size can 
be determined. As shown in Tables 6 and 7, 4 selections are 
possible for each of the horizontal and vertical sizes. 



Blink Control 

The MB88313 can blink any desired character(s) on the TV 
screen. Blinking function is enabled when the SC4 bit of the 
screen control register is set to "1". Blinking effects only those 
characters for which the AC2 bit (blink control bit) is set to "1". 
Blinking characters appear for approximately O.Ss and disappear 
for the same period (vertical sync pulse cycle time x 64). 

Blinking can be set as follows: 

1 . Preset a display memory address where the character blink 
is required, using Command 1 . 

2. Set the AC2 bit (blink control bit) of the location of the ad- 
dress, using Command 6. 

3. Set the SC4 bit (blink enable bit) of the screen control regis- 
ter, using Command S. 



Figure 1 3. Character Format 

1/2 DOT SPACE 1/2 DOT SPACE 

' HORIZONTAL ' 




8313-15 
Note: 

Each box presents one dot, and hatched boxes indicate displayed dots. 



Figure 14-1. Automatic Rounding Function (Algoritlim) 

Algorithm (I) 

DISPLAYED DOT PATTERN 



INTERNAL DOT PATTERN 
(A) 




(B) r 





^ 


^ 


J 



o 



^ 





Figure 14-2. Automatic Rounding Function (Example) 

INTERNAL DOT PATTERN DISPLAYED DOT PATTERN 



::^^ 



^ 



^ 







^^2 



t: 
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FUNCTIONAL DESCRIPTION (Continued) 



Figure 1 5. Standard Character Set (Character Patterns) 

01234567 
89RBCDH 
MPSUY. : 
-5HB-*n 



(BLANK) 

9 



(BACKGROUND) 



Table 5. Standard Character Codes 



CJ3-CH0" 









M 


1 


1 


P 


2 


2 


S 


3 


3 


V 


4 


4 


Y 


5 


5 


. (Period) 


6 


6 


: (Colon) 


7 


7 


' (Apostrophe) 


8 


8 


- (Hyphen) 


9 


9 


^Kanji (Year) 


A 


A 


^Kanji (Month) 


B 


B 


B Kanji (Day) 


C 


C 


_ (Underline) 


D 


D 


• (Dot) 


E 


H 


* (Asterisk) 


F 


(Blank) 


D (Background) 



J 
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FUNCTIONAL DESCRIPTION (Continued) 



Figure 16. Display Modes and VOC ft VOB Output Timing 



Non-Background/Edge Mode 



Edge Mode 



Background Mode 
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During the non-display mode, the VOC and VOB outputs are clamped low and high, respectively, disabling display on TV screen. 
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FUNCTIONAL DESCRIPTION (Continued) 




Table 6. Horizontal Character Size 





Horizontal 
Character Size (Width) 


Horizontal Dot Size 


HS1 


HSO 








10T 


2T 





1 


20T 


4T 


1 





30T 


6T 


1 


1 


40T 


8T 



Note: 

T: Clock cycle time 
T [s] = 1 /fc [Hz] 

Table 7. Vertical Character Size 



Vertical Size Code 


Vertical 
Character Size (Height) 


Vertical Dot Size 


VS1 


vso 








14H 


2H 





1 


28H 


4H 


1 





42H 


6H 


1 


1 


56H 


8H 



Note: 

H: Horizontal sync cycle time 
H = 63.5 [pis] 
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Functional Description (Continued) 

Color Control 

The MB88313 has a color display mode, in which color control 
signals ar e out put on the D01 and DOO pins, in addition to the 
VOC and VOB signals. The color display mode is initiated by set- 
ting the GOC bit to "1" using Command 7. During this mode, the 
color code bits AC1 and ACO stored in each attribute field of the 
display memory are automatically output on the D01 and DOO 
pins respectively, while the VOC output is high. When the VOC 
is low, the color control signals are clamped low. Controlling 
RGB signals of the color TV set by the VOC, D01 and DOO sig- 
nals, characters are displayed in four of eight colors shown in 
Table 8. One of four colors is selected for each character by 
writing color codes to each attribute field of the display memory. 
Four colors to be displayed are selected by a combination of 
connections between MB88313's VOC/DO1/DO0 and TV's 
RGB pins. 

Figure 18 shows an example circuit for selecting character col- 
ors: green, cyanogen, yellow and white. 

In this example circuit, the VOB (background) signal is used to 
inhibit all TV color video signals R'G'B' simultaneously. When 



the VOB is low, the R'G'B' signa ls are all disabled to create a 
black background. When the VOB is high, the R'G'B' signals are 
enabled to display TV signal. The VOC (character) signal and 
the D01 & DOO (i.e., AC1 & ACO) color code outputs are used 
to enable color character signals R, G, B, respectively, RGB and 
R'G'B' signals control (R)(G)(B) signals of the CRT in parallel. 





Table 8. Displayable Colors 


R 


G 


B 


Displayed Colors 











Black 








1 


Blue 





1 





Green 





1 


1 


Cyanogen 


1 








Red 


1 





1 


Magenta 


1 


1 





Yellow 


1 


1 


1 


White 



Figure 18. TV interface Configuration (Example) 



nnnr( 



^Hwv- 



^l-^vw- 





HSYNC 
FROM TV 



L_>- 



COLOR TV 
(COLOR CRT) 



(G) 




Note: 

R'G'B' are TV RGB signals. 
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FUNCTIONAL DESCRIPTION (Continued) 

Table 9. Color Control (in Color Display Mode: GOC = "1") 



Video Signals 


Color Control Codes 


Displayed Colors 


V6B 


VOC(G) 


AC1 = D01 (R) 


AC0 = DO0(B) 


X 


1 








Green (RB: disabled) 





1 


Cyanogen (R: disabled) 


1 





Yellow (B: disabled) 


. 


1 


White (RGB: enabled) 


1 











Blank (RGB: disabled, 
R'G'B': enabled) 











Black (Background) (RGB and 
R'G'B': disabled) 



Standby Operation 

The MB88313 has a low power standby mode (i.e., clock stop 
mode) which is initiated by software. A logic "1" on the STP bit 
stops the on-chip clock generator, reducing the power dissipa- 
tion, and sets the internal states and input/output pin states, as 
follows: 

1 . All internal control registers, display memory, address counter, 
and command shift & command registers keep their current 
states. 

2. All input pins are inactive. 

3. Output pins hold the states before the standby mode. 

During the standby mode, characters disappear on the TV 
screen. 

When the STP bit is reset to "0", the clock generator restarts, 
and characters reappear on the screen. The STP is controlled 
by Command 6. 

Notes: 

1 . When the STP bit is reset and the clock generator restarts, the vertical display 
position of each character is disturbed in the first screen field. To avoid 

this problem, the following procedure is reconnmended when resetting the 
STP bit: 

1 ) Before resetting, disable the screen display, resetting the SCO bit with 
Command 5. 

2) Reset the STP bit using Command 6. 

3) At least 1 6.7 ms after resetting the STP bit, set the SCO bit, enabling the 
screen display. 

2. When set/reset the STP bit using Command 6, the AC2-AC0 bits addressed 
by the current address counter may change also. 



Reset Operation 



FUJITSU 



A low level on the RESET pin stops the TVDC's operations, and 
initializes its internal control registers and input/output pins to 
the following states: 

1 . All internal control registers are cleared. 

2. All input pins are inactive. 

3. VOC and D02-D01 output pins are clamped low, and VOB, 
clamped high. 



The display memory data is not affected by RESET. The com- 
mand shift regi ster, com mand register, and address counter are 
undefined after RESET. 

During the reset mode, characters are not displayed on the TV 
screen because the output pins are deactivated as mentioned in 
item 3 above. 



After the RESET pin is drive n high, the TVDC restarts its normal 
operations. But, VOC, VOB, and D02-D01 outputs remain de- 
activated, that is, no character is displayed on the TV screen, 
until the SCO screen enable bit is set in the screen control regis- 
ter. 
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COMMAND DESCRIPTION 

Command Set 

The MB88313's display memory, address counter, and control 
registers are programmed using control commands. The 
MB88313 can accept eight 8-bit display control commands. 
These commands are serially loaded into the command register 
by the processor, and write their operand field data (control 
codes) into the display memory, address counter, and control 
registers. According to the programmed registers and memory, 
the MB88313 displays characters on the TV screen. The com- 
mand format and functions are shown in Table 10. The upper 3 
bits define op code, and the lower 5 bits are operand (control 
code). 

Command O (Character Code Set) 

Command writes its lower 5 bits (character code: CH4-CH0) 
into character code field of a display memory location indicated 
by the address counter, and then increments the address coun- 
ter. For the command format, see Table 6. 

Command 1 (Address Preset) 

Command 1 writes the lower 4 bits (display memory address: 
A3-A0) into the address counter, which addresses a display 
memory location into which Commands and 6 write character 
and attribute codes. For the command format, see Table 10. 

Note: 

Bit 4 should be "0". 

Command 2 (Horizontal Display Position Control) 

Command 2 writes its lower 5 bits (horizontal display position 
code: HP4-HP0) into the horizontal display position register. Val- 
ues of (00000) to (00010) can not be used as HP4-HP0. For the 
command format, see Table 10. 



Command 3 (Vertical Display Position Control) 

Command 3 writes its lower 5 bits (vertical display position code: 
VP4-VP0) into the vertical display position register. For the com- 
mand format, see Table 1 0. 

Command 4 (Character Size Control) 

Command 4 writes its lower 2 bits (horizontal character size 
code: HS1 and HSO) and the next 2 bits (vertical character size 
code: VS1 and VSO) into the horizontal character size register 
and the vertical character size register, respectively. For the 
command format, see Table 1 0. 

Note: 

Bit 4 should be "0". 

Command 5 (Screen Control) 

Command 5 writes its lower 5 bits (screen control bits: SC4- 
SCO) into the screen control register to control various screen 
features. For the command format, see Table 10. 

Command 6 (Attribute Control) 

Command 6 writes its lower 3 bits (attribute codes: AC2 and 
AC1-AC0) into the attribute field of a display memory location 
indicated by the address counter. Note that this command does 
not increment the address counter, differently from Command 0. 
This command sets/resets Bit 4 to initiate/release the standby 
mode (clock stop mode). Bit 3 should be "0". For the command 
format, see Table 10. 

Command 7 (General Output Control) 

Command 7 writes its lower 3 bits (general output data: G02- 
GOO) into the general output register, and sets/resets Bit 4 
(general output control bit: GOC). For the command format, see 
Table 10. 



NOTICE 



1. The test mode Is Initiated by test mode command (code = 001 1 1XXX), and is released by a low level on the HSYNC pin. In the 
test mode, output operations of the VOC, VOB and D02-D01 pins are different from in the normal operation mode. 

2. The MB88313 may enter the test mode when a control command, which is wrongly transferred due to noises, matches the test 
mode command. 

3. When the command transmission from the processor to the MB88313 fails on the way due to noises, the command word must be 
retransferred after once making CS high and ttien returning low= 
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COMMAND DESCRIPTION (Continued) 
Table 10. Command Set Summary 



Command 
Number 


Command Word Format 


Name A Function 


Opecode 

rieia 


Operand 
Field 


MSB 


LSB 








CH4 


CH3 


CH2 


CH1 


CHO 


Character code set: Write operand field data (character code: CH4-CH0) 
into the character code field of the display memory. 


1 


1 





A3 


A2 


A1 


AO 


Address preset: Write operand field data (display memory address: A3-A0) 
into the address counter to indicate memory locations. 


2 


1 


HP4 


HP3 


HP2 


HP1 


HPO 


Horizontal display position control: Write operand field data (position code: 
HP4-HP0) into the horizontal display position register. 


3 


1 1 


VP4 


VP3 


VP2 


VP1 


VPO 


Vertical display position control: Write operand field data (position code: 
VP4-VP0) into the vertical display position register. 


4 


1 





VS1 


VSO 


HS1 


HSO 


Character size control: Write operand field data (horizontal & vertical 
character size codes: HS1 & 0, VS1 & 0) into the horizontal and vertical 
character size registers. 


5 


1 1 


SC4 


SC3 


SC2 


SC1 


SCO 


Screen control: Write operand field data (screen control codes: SC4-SC0) 
into screen control register. 


6 


1 1 


STP 





AC2 


AC1 


ACO 


Attribute control: Write operand field data (clock stop code: STP, attribute 
codes: AC2-AC0) into the attribute field of the display memory, and the 
standby mode (clock stop mode) control bit. 


7 


1 1 1 


GOC 





G02 


G01 


GOO 


General output control: Write operand field data (GOC, GO2-GO0) into the 
general output register (GO2-GO0) and its control bit (GOC). 



ABSOLUTE MAXIMUM RATINGS! 



Parameter 


Symbol 


Rating 


Unit 


Remarlcs 


Min. 


Typ. 


Max. 


Supply Voltage 


Vcc 


Vss-0.3 




Vss + 7.0 


V 




Input Voltage 


V|N 


Vss-0.3 




Vss + 7.0 


V 


Should not exceed 
Vcc + 0.3V 


Output Voltage 


VOUT 


Vss-0.3 




Vss + 7.0 


V 


Should not exceed 
Vcc + 0.3V 


Power Dissipation 


Pd 






600 


mW 




Operating Ambient 
Temperature 


Ta 


-30 




+ 70 


"C 




Storage Temperature 


TSTG 


-55 




+ 150 


"C 





tPermanent device damage may occur if the above ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to the conditions as detailed 
in the operational sections of this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
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RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Unit 


Remarks 


MIn. 


Typ. 


Max. 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Vcc 


Vss 









V 




Input High Voltage 


V,H 


0.8 X Vcc 




Vcc + 0.3 


V 


RESET, CS, SGLK, SI 
HSYNC. VSYNC 


Input Low Voltage 


V|L 


Vss-0.3 




0.2 X Vcc 


V 


RESET, CS, SCLK. SI 
HSYNC, VSYNC 


Operating Ambient 
Temperature 


Ta 


-30 




70 


"C 





DC CHARACTERISTICS 

(Recommended operating conditions, unless otherwise noted.) 










Parameter 


Symbol 


Pin 


Condition 


Value 


Unit 


Min. 


Typ. 


Max. 


Output High 
Voltage 


VOH 


DO2-DO0, 
VOCVOB 


Vcc = 4.5V 
Ioh=-200mA 


2.4 






V 


Vcc=4.5V 
IOH=-10jLtA 


4.0 






V 


Output Low 
Voltage 


Vol 


DO2-DO0, 
VOC, VOB 


Vcc = 4.5V 
'0L=''-8fT^A 






0.4 


V 


Vcc = 4.5V 
l0L = 3.2 mA 






0.6 


V 


Input Leakage 
Current 


IlL 


RESET 


Vcc = 5.5V 
V|L = 0.4V 




-20 


-60 


^lA 


CS, SCLK, 

SI HSYNC, 

VSYNC 


Vcc=5.5V 
V|L==0.4V 




-20 


-60 


^A 


EX 


Vcc = 5.5V 
V|L = 0.4V 




-10 


-20 


IxA 


Supply Current 


Ice 


Vcc 


Vcc = 5.0V (Typ.) 
fc = 6MHz 
(Active) 
Reset state 
All outputs open 




8.0 




mA 
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AC CHARACTERISTICS 

(Recommended operating conditions, unless otherwise noted.) 



Clock Timing 



Parameter 


Symbol 


Pin/Port 


Condition 


Value 


Unit 


Min. 


Typ. 


Max. 


Clock Frequency 


fc 


EX.X 


RC-network OSC, 
LC-network OSC 
Figure 1 9 


4.0 




7.0 


MHz 



Input Timing 



Parameter 


Symbol 


Pin 


Condition 


Value 


Unit 


Min. 


Max. 


Shift Clock 
Pulse Width 


twCH 


SCLK 


Figure 20 


300 




ns 


twCL 


300 




Shift Clock 
Rise/ Fall Times 


tcr 


SCLK 


Figure 20 




200 


ns 


tcf 




200 


Shift Clock 
Cycle Time 


tCYC 


SCLK 


Figure 20 


1000 




ns 


Shift Clock 
Start Time 


tss 


SCLK 


Figure 20 


200 




ns 


Shift Clock 
Hold Time 


tHS 


SCLK 


Figure 20 


1000 




ns 


Input Data 
Setup Time 


tsu 


SI 


Figure 20 


200 




ns 


Input Data 
Hold Time 


tH 


SI 


Figure 20 


50 




ns 


Chip Select 
End Time 


tEC 


CS 


Figure 20 


1000 




ns 


Chip Select 
Rise/Fall Times 


tcrc 


CS 


Figure 20 




200 


ns 


tcfc 


Horizontal 
Sync Valid Time 


tHSDP'' 




Figure 21 


200 




ns 


HSYNC 


tHSDR^ 


200 





Notes: 

1 . The rising edge of HSYNC is not counted during tHSDF period to calculate the vertical display position. 

2. The rising edge of HSYNC is counted during tHSDR period to calculate the vertical display position. 

Output Timing 



Parameter 


Symbol 


Pin 


Condition 


Value 




Min. 


Max. 


Unit 


General 
Output Delay 
Time 


tDD 


DO2-DO0 


5 kn External 
Pull-Up 
Figure 22 




600 


ns 
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AC CHARACTERISTICS 

(Recommended operating conditions, unless othenvise noted.) (Continued) 



Figure 1 9. Clock Circuit Configurations 



RC-NETWORK 
OSCILLATOR 



LC-NETWORK 
OSCiLLATOR 





Figure 20. Input Timing (Processor Interface) 
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\02VCC 
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- 0.2VCC 



^ isu -\< "»l 

--A 1» 



- 0.8VCC 
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Figure 21. Input Timing (Television Interface) 



o.8Vcc.r 



CZJ' 



0.2Vcc 



Figure 22. Output Timing 


SCLK 


\ / 


'- 0.8VCC 

^ too »► 
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i 


- 2.4V 
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8313-28 
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PACKAGE DIMENSIONS 



16-LEAD PLASTIC 

DUAL IN-LINE PACKAGE 

DIP-16P-M02 



nnnrnnrnrnn 



ULJLJLJLJLJLJU 

.756(19.20) 



.234(5.94) .290(7.37) 
.254(6.45) .310(7.87) 



-.050 (1.27) MAX 



fldndnnn 



C 



.015(0.38) 



172(4.36)MAX 



.021(0.54) .020 (0.51 )MIN 



Dimensions in inclies (millimeters) 



=X. 



16-LEAD PLASTIC 

FLAT PACKAGE 

FPT-16P-M02 



INL 



TF 



TTT1 



.197(5.0) 
.220(5.6) 



.260(6.6) 
.283(7.2) 






L .01 2(0.3) 
r .028(0.7) 



Dimensions in inches (millimeters) 



M 




.008(0.2) 



.020(0.5) 
■007(0.18) 



MAX 
■027(0.68) 
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MB87030 



April 1986 
Edition 1.0 



DESCRIPTION 

The MB87030 SCSI Protocol Controller (SPC) is a CMOS LSI circuit specifically 
designed to control a Small Computer Systems Interface (SCSI). The SPC can 
serve as either an Initiator or Target for the SCSI; thus, it can be used as an I/O 
controller or as a host adapter. To use the device in the most effective manner, it 
is recommended that the user be thoroughly familiar with the SCSI protocol. For 
detailed information in these areas, the user should request the "Users Guide for 
MB87030 SCSI" from the nearest Sales Office of Fujitsu. 

The SPC is designed to control all SCSI interface signals and virtually all 
interface control procedures. Used as an 8- or 16-bit peripheral, the device 
provides high-level control for almost all SCSI configurations. 

To achieve optimum performance and interface flexiblity, the SPC contains an 
8-byte First In First Out (FIFO) data buffer register an8 a 24-bit transfer byte 
counter. Independent data busses for the CPU and the DMA controller plus 
separate input/output pins for all control signals greatly reduces the possiblity of 
a "busy" condition. Data transfers can be executed in either the synchronous or 
asynchronous mode with a maximum offset of 8-bytes. 

FEATURES 

• Independent data transfer bus for CPU and DMA controller 

• Full support for SCSI control 

• Serves as either Initiator or Target device 

• Synchronous mode transfer with a programmable offset of 
up to eight bytes 

• In synchronous mode, data transfer speed programmable at 
four rates 

• Data transfer rates of up to 4 megabytes per second 

• Eight-byte data buffer register 

• 24-bit transfer byte counter 

• Compatible with single-ended and/or differential alternative 
for SCSI 

• Single +5V supply 

• Low power dissipation 

• TTL-compatible I/O 

• 88-Pin Ceramic Repeated Quad-ln-Line Package 




This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. Hovi^ever, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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PIN ASSIGNMENTS 



oooooooo 


0000 


34 33 32 31 30 29 28 27 


26 25 24 23 


OOOOOOOO 


0000 


35 72 71 70 69 68 67 66 


65 64 63 22 


o O 9..0c 





36 73 86 85 


62 21 


O O 





37 74 


61 20 


O O 





38 75 


60 19 


O O O 


000 


^39^76^87 (TOP VIEW) 


84 59 18 
000 


40 77 88 


83 58 17 


O O 





41 78 INDEX PIN 


57 16 


O / 
42 79 / 



56 15 


o o o o o 





43 80 81 82 


55 14 


OOOOOOOO 


0000 


44 45 46 47 48 49 50 51 


52 53 54 13 


0102030,0,0^0^03 


O9 OloO,,0« 



Pin 
No. 


I/O 


Signal 
Name 


Pin 
No. 


I/O 


Signal 
Name 


Pin 
No. 


I/O 


Signal 
Name 


Pin 
No. 


I/O 


Signal 
Name 


1 


1 


HIM 


23 





SDBOP 


45 


1 


A1 


67 





SDBE5 


2 


I/O 


HDBO 


24 





SDBE7 


46 


1 


A2 


68 





SDBE4 


3 


I/O 


1 


25 


1 


SDBI7 


47 


1 


A3 


69 


1 


SDBI4 


4 


I/O 


2 


26 





SDBE6 


48 


I/O 


D4 


70 





SDB03 


5 


I/O 


3 


27 





SDB05 


49 


I/O 


D5 


71 


1 


SDBI2 


6 


I/O 


4 


28 


1 


SDBI5 


50 


I/O 


D6 


72 





SDB01 


7 


I/O 


5 


29 





SDB04 


51 


I/O 


D7 


73 





SDBEO 


8 


I/O 


6 


30 





SDBE3 


52 


I/O 


DP 


74 


1 


SDBIO 


9 


I/O 


7 


31 


1 


SDBI3 


53 





INTR 


75 


1 


RST 


10 


I/O 


P 


32 





SDB02 


54 




l/OI 


76 





DREG 


11 





INIT 


33 





SDBE2 


55 




C/DI 


77 


1 


WT 


12 





TARG 


34 


1 


SDBI1 


56 




SELI 


78 


1 


WTG 


13 





1/00 


35 





SDBE1 


57 




MSG1 


79 


I/O 


D2 


14 





C/DO 


36 





SDBOO 


58 




REQI 


80 


I/O 


D3 


15 





SELO 


37 


1 


CS 


59 




RSTI 


81 


Power Supply 


VSS 


16 





MSGO 


38 


1 


CLK 


60 




ACKI 


82 


Power Supply 


VDD 


17 





REQO 


39 


1 


RD 


61 




BSYI 


83 


Power Supply 


VDD 


18 





RSTO 


40 


1 


ROD 


62 




ANTI 


84 


Power Supply 


VSS 


19 





ACKO 


41 


1 


DRESP 


63 




SDBIP 


85 


Power Supply 


VSS 


20 





BSYO 


42 


I/O 


DO 


64 





SDB07 


86 


Power Supply 


VDD 


21 





ATNO 


43 


I/O 


D1 


65 





SDB06 


87 


Power Supply 


VDD 


22 





SDBEP 


44 


1 


AO 


66 


1 


SDBI6 


88 


Power Supply 


VSS 
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PIN DESCRIPTIONS 



Pin Number 


Designator 


Function 


82, 83, 
86,87 


Vdd 


+5V power supply 


81, 84, 
85,88 


Vss 


Ground (OV) 


38 


CLK 


Input clock for controlling SPC internal operation and data transfer speed. 


75 


RST 


Asynchronous reset signal for clearing internal circuits of SPC. 


37 


CS 


Selection enable signal for accessing an internal register in SPC. When CS is active, the 
following input/output signals are valid: 

RD, RDG, WT, WTG, DR A3-A0, and D7-D0. 


47 
46 
45 
44 


A3 
A2 
A1 
AO 


Address input signals for selecting an internal register in SPC. 

MSB: A3, LSB: AO 
When CS is active low, read/write is enabled and an internal register is selected by these 
address inputs via data bus lines D7-D0 and DR 


39 
40 


RD 
RDG 


Input strobes used for reading out the contents of the SPC internal register and are 
effective only when CS is active low. 

When RDG is active, the contents of an internal register selected by address inputs A3-A0 
are placed on data bus lines D7-D0 and DP. 

For a data transfer cycle in the program transfer mode, the trailing edge of RD is used as a 
timing signal to indicate the end of data read. 


77 


WT 


Input strobe used for writing data into an SPC internal register and is only effective when 
CS is active low. 

On the trailing edge of WT, data placed on data bus lines D7-D0 and DP are loaded into an 
internal register selected by address inputs A3 to AO, except when all address lines are 
high (A3-A0 = H). 

For a data transfer cycle in the program transfer mode, the trailing edge of WT is used as a 
timing signal to indiacte a data-ready state. 


78 


WTG 


When WTG is active low, data appearing on data bus lines D7-D0 and DP is output to 
HDB7-HDB0 and HDBP if the following input conditions are satisfied: 

CS = 'L' 

A3 = A2 = A1 = AO = 'H' 

HIN = 'H' 


51 
50 
49 
48 
80 
79 
43 
42 
52 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 
DP 


Used for writing-or-reading data into-or-from an internal register in SPC. This data bus is 
three-state and bidirectional. 

MSB: D7 

LSB: DO 

Odd Parity Bit: DP 

When the CS and RDG inputs are active, the contents of the internal register are output to 
the data bus (read operation). 

In operations other than read, this data bus is kept at a high impedance level. 
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PIN DESCRIPTIONS (Contd) 



Pin Number 



Designator 



Function 



53 



INTR 



Requests an interrupt to indicate completion of an SPC internal operation or the occurrence 
of an error. 

Interrupt masking is allowed except for an interrupt caused by the RSTI input (reset 
condition is SCSI). 

When an interrupt request is permitted, the INTR signal remains active until the cause of the 
interrupt is cleared. 



25 
66 
28 
69 
31 
71 
34 
74 
63 



SDBI7 
SDBI6 
SDBI5 
SDBI4 
SDBI3 
SDBI2 
SDBI1 
SDBIO 
SDBIP 



Used as input for the SCSI data bus. 
MSB: SDBI7 
LSB: SDBIO 
Odd parity bit: SDBIP 

Parity checking for the SCSI data bus is programmable. 



64 
65 
27 
29 
70 
32 
72 
36 
23 



SDB07 
SDB06 
SDB05 
SDB04 
SDB03 
SDB02 
SDB01 
SDBOO 
SDBOP 



Used as outputs to the SCSI data bus. 
MSB: SDB07 
LSB: SDBOO 
Odd parity bit: SDBOP 

If the bus driver is an open collector device, these signals should be applied directly to the 
driver circuit. 

If the bus driver is a three-state device, these signals are used as data and the SDBE7-SDBE0 
and SDBEP signals are used as drive-enable signals. 



24 
26 
67 
68 
30 
33 
35 
73 
22 



SDBE7 
SDBE6 
SDBE5 
SDBE4 
SDBE3 
SDBE2 
SDBE1 
SDBEO 
SDBEP 



Used as drive enable signals (corresponding to respective bit positions) when a three state- 
buffer is used for the SCSI data bus. 

SDBE7-SDBE0 and SDBEP correspond to SDBO7-SDBO0 and SDBOP, respectively. The 
relationship with respect to the SCSI bus status is shown below. 







SDBOn 


SDBEn 


SCSI bus siaius 


(ID) 


(ID) 


(ID) 


(ID) 


Bus Free 


'L' 


V 


'L' 


'L' 


Arbitration 


'H' 


'L' 


'H' 


'L' 


Selection/Reselection 


D 


D 


'H' 


'H' 


Information 
Transfer 


SPC — SCSI 


D 


D 


'H' 


'H' 


SPC *- SCSI 


V 


V 


'L' 


'L' 



m 



• (ID) indicates a bit positions corresponding to the SCSI bus device ID, and (ID) indicates 
the other bit position. 

• D denotes that valid information is sent out. 
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PIN DESCRIPTIONS (Contd) 



Pin Number 



Designator 



Function 



56 
61 
58 
60 
57 
55 
54 
62 
59 



SELI 

BSYI 

REQI 

ACKI 

MSGI 

C/DI 

l/OI 

ATNI 

RSTI 



Used for receiving SCSI control signals. The outputs of the SCSI receiver can be directly 
connected. 

Note: Waveform distortion or any other disturbance should not occur in the REQI and ACKI 
signals which are used as timing control signals for sequencing data transfer. 



15 
20 
17 
19 
16 
14 
13 
21 
18 



SELO 

BSYO 

REQO 

ACKO 

MSGO 

C/DO 

l/OO 

ATNO 

RSTO 



Used to output SCSI control signals. The following signals become active only when SPC 
serves as a target; otherwise, these signals are always low: REQO, MSGO, C/DO and l/OO. 

The following signals become active only when SPC serves as an initiator; otherwise, these 
signals are always low: ACKO and ATNO. 



11 
12 



INIT 
TARG 



Used to indicate operating state of SPC. These signals are also available as control signals 
for the SCSI driver/receiver circuits. 



Initiator 


Target 


Status 


V 


V 


SPC is not connected to SCSI. 


V 


'H' 


SPC is executing reselection phase or is operating 
as a target. 


'H' 


'U 


SPC is executing selection phase or is operating 
as an initiator. 



76 



DREQ 



When executing a data transfer cycle in DMA mode, the DREQ signal is used to indicate a 
request for data transfer between SPC and the external buffer memory. 

In DMA mode, data is routed as shown below: 

Output operation 

External buffer memory 

i 
HDB7 to HDBO, and HDBP pins 

i 
SPC internal data buffer register (8 bytes) 

I 
SDB07 to SDBOO and SDBOP pins 

I 
(SCSI) 
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PIN DESCRIPTIONS (Contd) 



Pin Number 


Designator 


Function 


76 


DREG 
(cont'd) 


Input operation 

(SCSI) 

1 

SDBI7 to SDBIO and SDBIP pins 

I 
SPG internal data buffer register (8 bytes) 

i 
HDB7 to HDBO, and HDBP pins 

I 
External buffer memory 

In an output operation, DREG becomes active to request a data transfer from the external 
buffer memory when the SPG internal data buffer register has free space available. In an 
input operation, it becomes active to request a data transfer to the external buffer memory 
v\/hen the SPG internal buffer memory contains valid data. 


41 


DRESP 


Used as a response signal to the above data transfer request signal (DREG) in DMA mode 
during a data transfer cycle. 

Pin DRESP must be refreshed with an applied pulse after each byte transferred. 

In an output operation, SPG uses the trailing edge of the DRESP signal for sampling data on 
the HDB7-HDB0 and HDBP bus lines. 

In an input operation, SPG holds data to be transferred onto HDB7-HDB0 and HDBP bus 
lines until the trailing edge of the DRESP signal. 


9 
8 
7 
6 
5 
4 
3 
2 
10 


HDB7 
HDB6 
HDB5 
HDB4 
HDB3 
HDB2 
HDB1 
HDBO 
HDBP 


Three-state, bidirectional data bus for transferring data to-or-from the external buffer 
memory in DMA mode. 

MSB: HDB7 

LSB: HDBO 

Odd parity bit: HDBP 
The data transmission direction depends on the HIN input signal. 

HIN HDBn Operation 


V Input mode Output 
'H' Output mode Input 


1 


HIN 


This signal indicates transmission direction along data bus lines HDB7-HDB0 and HDBP in 
DMA transfer mode. 

To be executed, transmission direction must be properly coordinated with internal operation 
of the SPG. 

When the HIN signal is Low, data bus lines HDB7-HDB0 and HDBP are put in the high 
impedance state (input mode). When the HIN signal is High, they are switched to the output 
mode. 



H 
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ABSOLUTE MAXIMUM RATINGSi 



Rating 


Symbol 


Values 


Unit 


Min 


Max 


Supply Voltage 


Vdd 


Vss2-0.5 


7.0 


V 


Input Voltage 


V, 


Vss^ - 0.5 


Vdd + 0.5 


V 


Output Voltage 


Vo 


Vss'-0.5 


Vdd + 0.5 


V 


Storage Temperature (Ceramic) 


Tstg 


-65 


+150 


°c 


Temperature Under Bias 
(Ceramic) 


"•"bias 


-40 


+125 


°c 


Output Current^ 


los 


-40 


+70 


mA 



Notes: 

1. Permanent device damage may occur if 
ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should 
be restricted to the conditions as 
detailed in the operational sections of 
the SCSI User's Guide. Absolute 
maximum rating conditions for extended 
periods may affect device reliability. 

2. Vss = OV 

3. Not more than one output may be 
shorted at a time for a maximum 
duration of one second. 



RECOMMENDED OPERATING CONDITIONS 









Symbol 


Values 


Unit 


Parameter 


Min 


Typ 


Max 


Supply Voltage 


Vdd 


4.75 


5.0 


5.25 


V 


Input High Voltage 


V,H 


2.2 






V 


Input Low Voltage 


V|L 






0.8 


V 


Operating Temperature 


Ta 







70 


°c 


DC CHARACTERISTICS (Recommended Operating Conditions unless otherwise noted) 


Parameter 


Symbol 


Condition 


Values 


Unit 


Min 


Typ 


Max 


Power Supply Current 


'dds 


Steady stated 






100 


M 


Power Dissipation 


PD 






300 




mW 


Output High Voltage 


VOH 


loH = -0.4mA 


4.2 




Vdd 


V 


Output Low Voltage 


Vol 


Iql = 3.2mA 


Vss 




0.4 


V 


Input High Voltage 


V,H 




2.2 




■ 


V 


Input Low Voltage 


V|L 








0.8 


V 


Input Leakage Current 


Ili 


V, = 0-Vdd 


-10 




10 


M 


Input Leakage Current 


Ilz 


3-state 
V, = - Vdd 


-10 




10 


M 



Note: 

1- V,H = VoD.V,L = Vs£ 



CAPACITANCE (Ta = 25°C, Vqd = V, = OV, f = 1 MHz) 



Parameter 


Symbol 


Values 


Unit 


Min 


Typ 


Max 


Input Pin Capacitance 


C|N 






9 


pF 


Output Pin Capacitance 


CoUT 






9 


PF 


I/O Pin Capacitance 


C|/0 






1x1 


pF 
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PACKAGE DIMENSIONS 



88-Lead Ceramic (Metal Seal) 




Repeated Quad In-Line Package 




PGA-88C-A01 






.015(0.38) 










.025(0.64)'^''^ 
r 


' /""'""' °" 














t^=- 


^ooooo oo ooo® 


















. L 




oooooooooooo 
O O O o o 
o o o o 
























== 




o o o o 












1.185(30.10) 
1.215(30.86) 




==1.100(27.94) 

=3 REF 

1 


o o o PIN1 o o o 

O O O INDEX O O o 


















= 1 




O \ o o 




INDEX 
AREA 














Ej 




o o \ o o 






V/// 










oooooooooooo 






m 






- 


0== 




L 

.090(2.29) 


®oooooooooo@ 




1.185(30.10) 


.035(0.89) 






1.215(30.86) 


.( 


360(1.52) 








.110(2.79) 






?50(6.35) 






.120(3.05) 




f 


^AX .150(3.81) 








inches (millimeters) 
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MBL8041A/H/E/N 

NMOS Universal Peripheral Interface 
8-Bit Microcomputer 



October 1986 
Edition 2.0 



Description 



Features 



The MBL8041A Universal Peripheral Interface is a single-chip 8- 
bit microcomputer based on a 8-bit parallel microprocessor chip. 

The MBL8041A is fabricated with an N-channel silicongate MOS 
process. The MBL8041A has a 1Kx8 bit ROM for program 
memory, a 64x8 bit RAM for data memory, 18 I/O ports, an 8-bit 
timer/counter and clock generator on the chip, and is powered 
by single +5V supply. 

The MBL8041A is designed to operate as a slave Processor, 
which receives commands and data from the master processor, 
controls peripheral devices and transfers input data from 
peripheral devices to the master processor. And by using the 
MBL8041 A an intelligent peripheral controller can be designed 
freely. 



I Processor: ^ 

8-bit parallel processing 

I Register: 
One 8-bit Status Register 
(for Interface with master 
processor) 

Two 8-bit Data Bus Buffer 
Registers (for Input/OiJtput) 

I Memory: | 
1Kx8 bit ROM (for program 
memory) 

64x8 bit RAM (for data 
memory) 

I I/O: . 

One 8-bit Bidirectional Data 
Bus 

Two 8-bit Bidirectional I/O 
Ports 
Two Test Inputs 

I Clock Source: 
Clock Generator (with Exter- 
nal Crystal Resonator) or 
External Clock 



I 8-Bit Interval Timer/Event 
Counter 

I Low-power Standby Opera- 
tion Capability 
Power-on Reset Capability 
(with External Capacitor) 

I Instruction Set: 
93 Instructions (217 Instruc- 
tion Codes) 

— 1-byte Instruction (about 
70%), 

2-byte Instruction (about 
30%) 

— 1 -cycle or 2-cycle instruc- 
tion (1 cycle = 2.5 )us at 
6MHz XTAL) 

I Technology: 

N-channel Silicon-gate E/D 

MOS Process 
I Two Package Options: 

Standard 40-pin 

Ceramic (Sufflx-C) 

or Plastic DIP (Suffix-P) 
I Equivalent: 

Intel 8041 A 



Portions reprinted by pernnission of Intel Corporation, Copyright© 1986 Intel Corporation. 
Compilation and additional materials Copyright© 1986 by Fujitsu Limited, Tokyo, Japan, and 
Fujitsu Microelectronics, Inc., Santa Clara, California, U.S.A. Fujitsu Limited is a licensee 
of Intel Corporation and authorized to produce alternate source products. 
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Block Diagram 









8 BIT 




CLOCK 


~^ EXTERNAL 




MPU 


,J^, 


GENERATOR 


^ XTAL 








./\ 








DATA 

BUS BUFFER 

(DBS) 


l\ 




8 BIT 

TIMER/ 

COUNTER 




;^, 


> 


[ 






^> 




> 




/I— 


V 
A 




V 




SYSTEM / 






INTERFACE \ 


DATA 

BUS BUFFER 

(DBB) 








N 


< 








N 




I/O 
PORT 


A N 








<' \ PORT1 




64x8 

DATA MEMORY 

(RAM) 


A 


N V 




<, 












> 


A K PORT 2 




N 




/ ' ' \ I/O EXPANDER 












V 






_ 


N V DMA TERMINAL 






\Z 


TEST PIN 






1024 X 8 

PROGRAM MEMORY 

(ROM) 













Pin Assignment 




d 



'These pins are internally pulled up 



This device contains circuitry to protect the inputs 
against damage due to high static voltages or elec- 
tric fields. However, it is advised that normal precau- 
tions be taken to avoid application of any voltage 
higher than maximum rated voltages to this high im- 
pedance circuit. 



FUJITSU 



4-131 



MBL8041A/H/E/N 



Pin Descriptions 
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Pin No. Name 

1 Test 



10 



12 

thru 

19 



20 



Symbol Description 



Conditional Input for Conditional Branch 



Input pin for the internal Clock Generator to be connected 
Crystal 1 XTAL 1 to one terminal of the external crystal. Also, this pin can be 

used as the input from an external clock source. 



Crystal 2 XTAL 2 



Input pin for the internal Clock Generator to be connected 

to the other terminal of the external crystal. 

(Note: The XTAL 1 and XTAL 2 input levels are not TTL 

compatible). 



Reset 



RESET 



Input which resets and forces the MPU to be initialized. 
(Note: This input level is not TTL compatible). 



Single Step SS 



Input pin used for single step operation. 



Chip Select CS 



Input pin used for the master processor to select the UPI. 



External 
Address 



Input pin used for controlling program memory access. Holding EA 
EA high forces all program memory fetches to reference external 

memory. Useful for emulation and debug, and essential for testing 
and program verification. 



Read Strobe RD 



A Strobe input used to enable the MBL8041 A to be read contents 
of the Data Bus Buffer register or Status register. 



Address "0" An 



An Address input to determine whether read/write data or read/ 

write commands. 

Ao = "L" indicates data read or write. 

Ao = "H" indicates status read or command write. 



Write 
Strobe 



WR 



A strobe input used to enable the MBL8041A to be written 
into its Data Bus Buffer register. 



A clock output pin indicating the MBL8041 A instruction cycle. This 
Sync SYNC pin is used when a synchronization signal is required for external 

circuits. 



Data Bus 



DBo 
thru 

DBy 



8-bit bidirectional I/O port used to interface the MBL8041A 
to the master processor. 



Ground 



V< 



SS 



Ground terminal. 



Lower 4 bits of the quasi-bidirectional I/O port (Port 2). 
21 P2o These function as interface port with the I/O expander 

thru Port 2 thru (MBL8243) when an expansion I/O executes instruction. 

24 P23 During single step operation upper 2 bits of the program 

fetch address are output on P2o and P2i. 



25 


Program 


PROG 


A strobe signal output pin for an I/O expander (MBL8243) 
used, when performing an expansion I/O instruction. 


26 


Power 
Supply 


Vdd 


Power supply Pin (+5V) for internal RAM. 


27 

thru 

34 


Porti 


P1o 
thru 

PI7 


Quasi-bidirectional I/O ports (Port 1). During single step 
operation, the next program fetch address (Lower 8 bits) 
is output. 


35 

thru 

38 


Port 2 


P24 
thru 

P27 


Upper 4 bits of the quasi-bidirectional I/O port (Port 2). 
These function as the flag output pins (P24 and P25) and 
DMA pins (P26 and P27) according to instructions. 


39 


Testi 


Ti 


This pin as the following functions according to instruction: 

1 . Event Input pin for the Event Counter. 

2. Condition Input pin for Conditional Branch. 


40 


Power 
Supply 


Vcc 


Power supply pin (+5V). 
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System Interface 



The master processor and 
MBL8041 A are interfaced 
through the data bus buffer. 

MBL8041 A has 2 internal DBB 
(Data Bus Buffer) registers. It is 
determined by the address line 
and strobe signal which register is 
accessed, 

Flag 1 (F1) is set when a 
command is written (Aq = 1), 
and reset when data is written 
(Ao = 0). 



The master processor can read 
only data from the output DBB 
register, and cannot read and 
check data or commands which 
the master processor has written 
itself. 

When MBL8041 A writes data to 
the output DBB with the OUT 
DBB, A instruction, OBF is set. 



When DBB is read (CS = RE = 
Ao = 0, WR = 1) by the master 
processor, OBF is reset. IBF is 
set when the master processor 
writes in the DBB, and reset when 
MBL8041 A reads the data from 
the DBB with IN A, DBB 
instruction. 

The internal status of the 
MBL8041 A does not change even 
when the status register contents 
is read out. 



CS 


RD 


WR 


Ao 


Description 








1 





Read DBB (Output) register. 








1 


1 


Read Status Register. 





1 








Write DBB (Input) register (Data). 





1 





1 


Write DBB (Input) register (Command). 


1 


X 


X 


X 


Invalid. 



Interface between 
MBL8041Aand 
Master Processor 



K 



n? 



BUS 
BUFFER 



MASTER 
PROCESSOR 



RD 
WR 
Ao 



ADDRESS 

CONTROL 

LOGIC 
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Resident Data Memory 
Map (RAM) 



Address 
(Hex) 



1 

2 

3 

4 

5 

6 

7 

8 

9 



16 
17 
18 
19 
1A 
IB 
1C 
ID 
IE 
IF 
20 
21 
22 
I 

3D 
3E 
3F 



Rq Register 



Ri Register 1 



R2 Register 2 



R3 Register 3 



R4 Register 4 



R5 Register 5 



Rg Registers 



R7 Register 7 



PCl 



AC 



FO 



Rq Register 



Ri Register 1 



R2 Register 2 



R3 Register 3 



R4 Register 4 



R5 Registers 



Re Register 6 



R7 Register 7 



Register Bank 



BS 



PCh 



Register Bank 1 



Working Area (32 Bytes) 



Stack Register 

(16 Bytes) 

(8 Level Stack) 



Status Register (PSW) 

The Status Register is an 8-bit 
register configured as shown in 
the following figure. The upper 
four bits are used for flags to 
indicate the status of the MPU 
and when a sub-routine call or 
an interrupt occurs, the 
contents of the program 
counter Is transferred to one of 
the 8 register pairs of the 
Stack Register as determined 
by the lower three bits of the 
Status Register. 

The remaining one bit is an 
unused bit. 



7 


6 


5 


4 


3 


2 


1 





C 


AC 


Fo 


BS 


1 


SP2 


SPi 


SPo 


^ cri»^^ w. 


(Unused 
Bit) 


-^— Stack Pointer— ► 






y^ 





FUJITSU 



4-134 



MBL8041A/H/E/N 



Flags 

C (Carry): When an overflow 
occurs in the Accumulator, this bit 
is set to "1". 



AC (Auxiliary Carry): When an 
overflow occurs from Bit 3 to Bit 4 
in the accumulator, this bit is set 
to"1". 



Fo(User Flag): This flag can be 
controlled as a user flag by the 
proper instruction. 

BS (Bank select): This flag can 
be controlled to select a 
Register Bank by an 
instruction. When BS = 0, the 
Register Bank is selected. 
When BS = 1, the Register 
Bank 1 is selected. 

Stack Register (8 Level 
Capability) 

The Stack Register has 16 bytes 
of memory area in the built-in 
RAM. The stack Register consists 
of eight levels, i.e. a Stack level 
consists of two bytes as shown 
below. 



SP (Stack Pointer): In the 
diagram below, "SP" indicates a 
Stagk Pointer address to be used 
for the next sub-routine call or 
interrupt. "SP" is given as an 8- 
bit code from the lower three bits 
of Status Register as follows: 



SP = 00001 SP2SP1SP0 

L^Status Register 
Bits to 2. 

PCn (Program Counter): "PCn" 
indicates the content of the n-th 
bit in the Program Counter. 



Interrupt Processing (IBF 
Interrupt, Timer/Counter 
Interrupt) 

There are two types of 
interrupt: the IBF interrupt and 
Timer/Counter interrupt. 

If an interrupt occurs when the 
system is in "interrupt enable" 
status, the interrupt flag is set 
as soon as the current 
instruction is completed. 



When the interrupt processing 
begins, the Status and Program 
Counter contents are first stored 
in the stack. Then, operation 
jumps to Address 3 in the case of 
the IBF interrupt and Address 7 in 
the case of a timer interrupt. 

After the interrupt has been 
processed by a user program 
and RETR (Return and 
Restore Status) instruction has 
been executed, the Status and 
Program Counter contents 
stored in the stack are 
restored, the interrupt flag is 
reset and the system is ready 
to accept the next interrupt 
request. 

A Timer/Counter interrupt 
request occurs when the 
Timer/Counter overflow flag is 
set due to Timer/Counter 
overflow. 

However, since the 
Timer/Counter interrupt 
request is masked by the IBF 
interrupt request, IBF interrupt 
has first priority. 

The Timer/Counter interrupt is 
enabled after the IBF interrupt 
has been executed and the 
system has become ready to 
receive the next interrupt 
request. 



SP-3 
SP-2 
SP-1 
SP 
SP+ 1 



RAM 
Address 



MSB 






LSB 


A 






PC7-4 


PC3-0 


PSW7-4 


PC9-8 





















A Set of 2 Bytes 



This level will be used at the 

next sub-routine call or 

interrupt. 

Stack Position 

SP = 00001 SP2SP1SP0 
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Operation Flow Chart 



Interrupt Flow Chart 




(TIMER r 
INTERRUPT) f 




HOLD PC, PSW 





RESTORE PC, PSW 




(IBF [- 

INTERRUPT) I 




.INTERRUPT? 



~~| (TIMER 
I INTERRUPT) 



INTERRUPT 
(USER PROGRAM) 
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Instruction Set Summary 



Accumulator 
Operation 



OP 



Flag 



Mnemonic Code Byte Cycle C 



Note 



Add register to A 
Add data memory to A 

Add immediate to A 

Add register to A with Carry 

Add data memory 

to A with Carry 

Add immediate to A with 

Carry 

AND register to A 

AND data memory to A 

AND immediate to A 

OR register to A 

OR data memory to A 

OR immediate to A 
Exclusive OR register to A 
Exclusive OR data memory 
to A 

Exclusive OR immediate to A 

Increment A 

Decrement A 

Clear A 

Complement A 

Decimal Adjust A 

Swap nibbles of A 



ADD A.Rr 
ADDA,@RO 
ADDA,@R1 
ADD A, # data 
ADDC A.Rr 



6X 
60 
61 
03 

7X 



ADDCA,@RO 
ADDC A,@R1 71 

ADDC A, # data 13 



ANLA.Rr 

ANLA.@RO 

ANLA.@R1 

ANLA,#data 

ORLA.Rr 

ORLA,@R0 

0RLA,@R1 

ORLA.#data 

XRLA.Rr 

XRLA,@RO 
XRLA,@R1 
XRLA,#data 
INC A 
DEC A 
CLRA 
CPLA 
DA A 
SWAP A 



Rotate A Left RLA 

Rotate A Left through Carry RLC A 

Rotate A Right RRA 

Rotate A Right through Carry RRCA 



50 
51 
53 
4X 
40 
41 
43 
DX 



D1 
D3 
17 
07 
27 
37 
57 
47 

E7 

F7 

77 

67 



Note 1: The accumulator value is adjusted to form BCD digi 

Operation Code X: Table 1 

Flag*: This flag Is set or reset in the state after executed insi 

Input/Output 



(A)«-(A) + (Rr) 
{A)4-(A) + ({R0)) 
(A)<-(A) + ((R1)) 
(A)«-(A) + data 
(A)^(A) + (Rr) + (C) 

(A)^(A) + ((RO)) + (C) 

(A)«*-(A) + ((R1)) + (C) 

(A)«-(A) + data+(C) 



(A) <- (A) 
(A) <- (A) 
(A) *- (A) 
(A) *- (A) 
(A) <- (A) 
(A) <- (A) 
(A)^(A) 
(A) <- (A) 
(A) ^ (A) 



AND (Rr) 
AND ((RO)) 
AND((R1)) 
AND data 
OR (Rr) 
OR((R0)) 
0R((R1)) 
OR data 
XOR (Rr) 



(A)<-(A)XOR((R0)) 

(A)<^(A)X0R((R1)) 
(A) -► (A) XOR data 
(A) ♦- (A) + 1 
(A) <«- (A) - 1 
(A)<-0 
(A)<-(A) 
Note(1) 
(A7~4);:^(A3~0) 

M I I 14-1 dE ? 
4 37! 1 1 i<na S 
^yi I I i-him ^ 



:s following the binary addition of BCD numbers, 
ruction. 



Flag 



Operation 



Mnemonic Code Byte Cycle C 



Note 



Input port to A 

Output A to port 

AND immediate to port 

OR immediate to port 

Input DBB to A clear IBF 
OutputAtoDBB.setOBF 

A7~4 to bits 7-4 of Status 
Input Expander port to A 
Output A to Expander port 
AND A to Expander port 
OR A to Expander port 



IN API 


09 1 


2 


IN A,P2 


OA 1 


2 


0UTLP1,A 


39 1 


2 


OUTL P2,A 


3A 1 


2 


ANLPl,#data 


99 2 


2 


ANLP2,#data 


9A 2 


2 


0RLP1,#data 


89 2 


2 


0RLP2,#data 


8A 2 


2 


IN A.DBB 


22 1 


1 


OUT DBB.A 


02 1 


1 


MOV STS,A 


90 1 


1 


MOVDA.Pp 


OX 1 


2 


MOVD Pp,A 


3X 1 


2 


ANLDPp,A 


9X 1 


2 


ORLD Pp,A 


8X 1 


2 



(A)<-(P1) 

(A)^(P2) 

(P1) <- (A) 

(P2) <- (A) 

(Pi) <- (PI) AND data 

(P2) *- (P2) AND data 

(PI) ««- (PI) OR data 

(P2) «- (P2) OR data 

(A) *- (DBB). (IBF) «- 

(DBB) *- (A), (OBF) -«- 1 

(STS7~4)««-(A7~4) 

(A3~0)*-(Pp).(A7~4)«- 

(Pp)*-(A3~0) 

(Pp)<-(Pp)AND(A3~0) 

(Pp)<-(Pp)OR(A3~0) 



Operation Code X: Table 2 
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Instruction Set Summary 

(Continued) Data Moves 



Operation 



OP Flag 

Code Byte Cycle C 



AC 



Note 



Move register to A 
Move data memory to A 

Move immediate to A 
Move A to register 
Move A to data memory 

Move immediate to register 
Move immediate 
to data memory 



Move PSW to A 
Move A to PSW 
Exchange A and register 
Exchange A and data memop 

Exchange digit of A 
and data memory 

Move to A from current page 
Move to A from Page 3 



MOVA.Rr 


FX 1 


1 


MOVA,®R0 


FO 1 


1 


M0VA.@R1 


F1 1 


1 


MOVA,#data 


23 2 


2 


MOV Rr,A 


AX 1 


1 


MOV @RO.A 


AO 1 


1 


M0V®R1.A 


A1 1 


1 


MOV Rr,# data 


BX 2 


2 


MOV @R0. 
#data 


BO 2 


2 


MOV@R1. 
#data 


B1 2 


2 


MOVA.PSW 


C7 1 




MOV PSW.A 


D7 1 




XCH A.Rr 


2X 1 




XCH A,®RO 


20 1 




XCH A,®R1 


21 1 




XCHDA,@RO 


30 1 




XCHDA,®R1 


31 1 




MOVPA,®A 


A3 1 


2 


M0VP3 A,® A 


E3 1 


2 



(A)-(Rr) 
(A)'-((RO)) 
(A) -((R1)) 
(A) - data 
(Rr) - (A) 
((RO))-(A) 
((R1))-(A) 
(Rr) - data 

((RO)) -data 

((R1)) -data 

(A) - (PSW) 
(PSW) - (A) 
(A)::(Rr) 

(A)::((RO)) 
(A)::((Ri)) 

(A3~0) Z ((R0)3~0) 

(A3~0) ::((R1)3~0) 
(A) - ((A)) within page 
(A) - ((A)) within page 3 
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Operation Code X: Table 1 

Flag*: This flag is set or reset in the state after executed instruction. 



Timer/Counter 



Operation 



OP Flag 

IMnemonic Code Byte Cycle C 



AC 



Read Timer/Counter 
Load Timer/Counter 
Start Timer 
Start Counter 
Stop Timer/Counter 
Enable Timer/ 
Counter Interrupt 
Disable Timer/ 
Counter Interrupt 



MOVA.T 


42 


MOV T A 


62 


STRTT 


55 


STRT CNT 


45 


STOP TCNT 


65 


ENTCNTI 


25 


DIS TCNTI 


35 



(A) - (T) 
(T) - (A) 



Control 



Operation 



Mnemonic 



OP Flag 

Code Byte Cycle C 



AC 



Note 



Enable DMA Handshake Lines EN DMA 


E5 1 1 


Enable IBF Interrupt 


EN 1 


05 1 1 


Disable IBF Interrupt 


DiSI 


15 1 1 


Enable Master Interrupts 


EN FLAGS 


F5 1 1 


Select register bank 


SEL RBO 


05 1 1 


Select register bank 1 


SELRB1 


D5 1 1 


No Operation 


NOP 


00 1 1 



(BS) ««-0 
(BS) ^ 1 
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Instruction Set Summary 

(Continued) 



Register 



Flag 



Operation 


Mnemonic 


Code 


Byte 


Cycle 


C 


AC 


Note 


Increment register 
Increment data memory 

Decrement register 


INC Rr 
INC@RO 
INC@R1 
DECRr 


IX 
10 

11 
ex 


1 
1 
1 
1 


1 
1 
1 
1 


- 


- 


(Rr) - (Rr) + 1 
((RO))- (RO)) +1 
((R1))- ((Ri))+ 1 
(Rr)-(Rr) 1 


Operation Code X: Table 1 
Subroutine 

Operation 


Mnemonic 


OP 
Code 


Byte 


Flag 
Cycle C 


AC 


Note 


Jump to Subroutine 

Return 

Return and restore status 


CALLaddr 

RET 

RETR 


%4 
83 
93 


2 

1 

1 


2 
2 
2 


- 


- 


Note (2) 
Note (3) 
Note (4) 



Operation Code %: Table 3 

Flag*: This flag is set or reset in the state after executed instruction. 

Flags 



OP 



Flag 



Operation 




Mnemonic 




Cycle C 


AC 


Note 


Clear Carry 




CLRC 


97 1 


1 Z 


_ 


(C)-0 


Complement Carry 




CPLC 


A7 1 


1 CP 


— 


(C)-(C) 


Clear Flag 




CLRFO 


85 1 


1 — 


— 


(FO)-O 


Complement Flag 




CPLFO 


95 1 


1 — 


— 


(FO) - (FO) 


Clear Flag 1 




CLR F1 


A5 1 


1 — 


— 


(FD-O 


Complement Flag 1 




CPLF1 


B5 1 


1 — 


— 


(FI)-(FI) 


Flag Z: Reset CP: 


Invert 












Branch 















Flag 



Operation 




Mnemonic 


Code Byte 


Cycle C 


AC 


Note 


Jump unconditional 




JMPaddr 


%4 


2 


2 - 


— 


Unconditional Branch 


Jump indirect 




JMPP@A 


B3 


1 


2 - 


- 


Unconditional Branch 
Note (5) 


Decrement register and jump 


DJNZ Rr, addr EX 


2 


2 - 


— 


(Rr) t Note (6) 


Jump on Carry = 1 




JCaddr 


F6 


2 


2 - 


— 


(C) = 1 


Jump on Carry = 




JNCaddr 


E6 


2 


2 - 


— 


(C) = 


Jump on A Zero 




JZaddr 


C6 


2 


2 


— 


(A) = 


Jump on A not Zero 




JNZaddr 


96 


2 


2 - 


— 


(A) to 


Jump on TO = 1 




JTOaddr 


36 


2 


2 - 


— 


(TO) = 1 


Jump on TO = 




JNTOaddr 


26 


2 


2 - 


— 


(TO) = 


Jump on T1 = 1 




JT1 addr 


56 


2 


2 - 


— 


(T1) = 1 


Jump on T1 =0 




JNT1 addr 


46 


2 


2 - 


— 


(T1) = 


Jump on FO = 1 




JFOaddr 


B6 


2 


2 - 


— 


(FO) = 1 


Jump on F1 = 1 




JF1 addr 


76 


2 


2 — 


— 


(F1) = 1 


Jump on Timer Flag 
Clear Flag 


= 1, 


JTFaddr 


16 


2 


2 — 


- 


(TF) = 1 


Jump on IBF Flag = 


JNIBFaddr 


D6 


2 


2 — 


— 


(IBF) = 


Jump on OBF Flag = 


1 


JOBFaddr 


86 


2 


2 - 


— 


(OBF) = 1 


Jump on Accumulator Bit 


JBbaddr 


%2 


2 


2 - 


- 


(Ab) = 1 


Operation Code %: 


Table 3 


Note 3: RET 




NoteS: JMMP(S 


X: 


Table 1 




(SP)- 
(PC)- 


(SP)-1 
((SP)) 




(PC7~ 


-'0)-((A)) 


Note 2: Call addr 












Note 6: DJNZ Rr, addr 


((SP))-(PC), 


(PSW7~ 


4) Note 4: RETR 




(Rr)- 


(Rr)-1 


(SP)*-(SP) + 1 






(SP)- 


(SP)-1 




if (Rr) +0(PC7~0) -addr 


(PC9-8) - Ah 






(PC)- 


((SP)) 




if(Rr) 


= Execute next instruction 


(PC7~0) - Al 






(PSW7 


~4)--((SP)) 







H 
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Instruction Set Summary 

(Continued) 



O.P. Code Of Register Access (Table 1) 

Mnemonic Rr RO R1 R2 R3 R4 R5 R6 R7 



ADD A.Rr 


63 


69 


6A 


68 


6C 


6D 


6E 


6F 


ADDC A,Rr 


78 


79 


7A 


78 


7C 


7D 


7E 


7F 


ANLA.Rr 


58 


59 


5A 


58 


5C 


5D 


5E 


5F 


DECRr 


C8 


C9 


CA 


C8 


CC 


CD 


CE 


CF 


DJNZ Rr, addr 


E8 


E9 


EA 


E8 


EC 


ED 


EE 


EF 


INCRr 


18 


19 


1A 


18 


1C 


1D 


IE 


1F 


MOVA.Rr 


F8 


F9 


FA 


F8 


FC 


FD 


FE 


FF 


MOV Rr,A 


A8 


A9 


AA 


AB 


AC 


AD 


AE 


AF 


MOV Rr,# data 


B8 


B9 


BA 


BB 


BC 


BD 


BE 


BF 


ORL A, Rr 


48 


49 


4A 


48 


4C 


4D 


4E 


4F 


XCH A,Rr 


28 


29 


2A 


28 


2C 


2D 


2E 


2F 


XRL A,Rr 


D8 


D9 


DA 


D8 


DC 


DD 


DE 


DF 



bit 
7 


6 


5 


4 


3 


2 1 





1 










[l2ill 


kol 



P7 



O.P.Code Of Expander Port Access (Table 2) 
IMnemonic PP P4 P5 P6 



ANLDPp.A 
MOVD A. Pp 
MOVD Pp, A 
ORLD Pp, A 



O.P Code of JMP, CALL, JBb (Table 3) 

First Byte 



OC 


OD 


OE 


OF 


3C 


3D 


3E 


3F 


8C 


8D 


8E 


8F 



bit 
7 


6 


5 


4 


3 


2 


1 





1 
I 












I Pi 


|Po| 



JMP 



CALL 



JBh 



bit 
7 


6 5 


4 


3 


2 


1 





|o 


i Ah 


|o 





h 


|o 










Ah 


h 





1 










r 


Bb 


1 


1 





h 






Second Byte 

bit 
7 6 5 4 3 2 10 



FUJITSU 
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Instruction Codes 



L 
H 





1 


2 


3 


4 


5 


6 




8 


9 


A 


B 


C 

L 


D 


E 


F 





NOP 




OUT 
DBB,A 


1 
ADD 
A,# 


JMP 
XX 


EN 

1 




DEC 
A 




r 

IN 
A.P1 


r 

IN 
A.P2 




r 

MOVD 
A.P4 


r 

MOVD 
A.P5 


MOVD 
A.P6 


MOVD 
A.P7 




INC 


INC 

(ftRI 


1 
J BO 
addr 


1 
ADDC 
A,# 


CALL 
Oxx 


DIS 

1 


"1 
JTF 
addr 


INC 
A 


INC 
RO 


INC 
R1 


INC 
R2 


INC 
R3 


INC 
R4 


INC 
R5 


INC 
R6 


INC 

R7 


2 


XCH 
A,@RO 


XCH 

A.®R1 


IN 
A.DBB 


1 
MOV 
A,# 


JMP 
1 x x 


EN 
TCNT1 


JNTO 
addr 


CLR 
A 


XCH 
A.RO 


XCH 
A.R1 


XCH 
A,R2 


XCH 
A,R3 


XCH 
A,R4 


XCH 
A.R5 


XCH 
A.R6 


XCH 
A.R7 


3 


XCHD 
A,®RO 


XCHD 
A,®R1 


JB1 
addr 




CALL 


DIS 
TCNT1 


1 
JTO 
addr 


CPL 
A 




w 

OUTL 
P1,A 


OUTL 
P2,A 




MOVD 
P4.A 


r 

MOVD 
P5.A 


MOVD 
P6,A 


r 

MOVD 
P7.A 


4 


ORL 
A.@RO 


ORL 
A.@R1 


MOV 
A,T 


ORL 

A,# 


JMP 
2xx 


STRT 
CNT 


JNT1 
addr 


SWAP 
A 


ORL 
A.RO 


ORL 
A,R1 


ORL 
A,R2 


ORL 
A,R3 


ORL 
A,R4 


ORL 
A,R5 


ORL 
A.R6 


ORL 
A,R7 


5 


ANL 
A,@RO 


ANL 
A.®R1 


1 
JB2 
addr 


A,# 


CALL 
2x X 


STRT 

T 


JT1 
addr 


DA 
A 


ANL 
A,RO 


ANL 
A,R1 


ANL 
A.R2 


ANL 
A,R3 


ANL 
A,R4 


ANL 
A,R5 


ANL 
A.R6 


ANL 
A.R7 


6 


ADD 
A,®RO 


ADD 
A.®R1 


MOV 
TA 




JMP 
3xx 


STOP 
TCNT 




RRC 
A 


ADD 
A.RO 


ADD 
A,R1 


ADD 
A,R2 


ADD 
A.R3 


ADD 
A,R4 


ADD 
A.R5 


ADD 
A,R6 


ADD 
A,R7 


7 


ADDC 
A.®RO 


ADDC 
A,®R1 


1 
JB3 
addr 




CALL 
3xx 




JF1 
addr 


RR 


ADDC 
A,RO 


ADDC 
A.R1 


ADDC 
A,R2 


ADDC 
A,R3 


ADDC 
A,R4 


ADDC 
A,R5 


ADDC 
A.R6 


ADDC 
A.R7 


8 








r 

RET 




CLR 
FO 


JOBF 

addr 




ORL 

P1,# 


ORL 
P2.# 




r 

ORLD 
P4,A 


r 

ORLD 
P5,A 


V 
ORLD 
P6.A 


r 

ORLD 
P7,A 


9 


MOV 
STS.A 




JB4 
addr 


r 

RETR 




CPL 
FO 


JNZ 
addr 


CLR 




ANL 
P1,# 


ANL 

P2,# 




r 

ANLD 
P4,A 


ANLD 
P5.A 


r 

ANLD 
P6.A 


y 

ANLD 
P7,A 


A 


MOV 
@RO,A 


MOV 
®R1,A 




r 

MOVP 
A.®A 




CLR . 
F1 




CPL 
C 


MOV 
RO,A 


MOV 
R1.A 


MOV 
R2.A 


MOV 
R3,A 


MOV 
R4,A 


MOV 
R5,A 


MOV 
R6,A 


MOV 
R7,A 


B 


MOV 
@R0,# 


MOV 
®R1,# 


JB5 
addr 


r 

JMPP 
(S)A 




CPL 
F1 


JFO 
addr 




MOV 
R0,# 


MOV 
R1,# 


MOV 
R2.# 


MOV 
R3.# 


1 
MOV 
R4,# 


1 
MOV 
R5,# 


MOV 
R6,# 


1 
MOV 
R7,# 


C 












BEL 
RBO 


JZ 
addr 


MOV 
A,PSW 


DEC 
RO 


DEC 
R1 


DEC 
R2 


DEC 
R3 


DEC 
R4 


DEC 
R5 


DEC 
R6 


DEC 

R7 


D 


XRL 
A.@RO 


XRL 
A,@R1 


1 
JB6 
addr 


XRL 
A.# 




SEL 
RBI 


JNIBF 
addr 


MOV 
PSW,A 


XRL 
A,RO 


XRL 
A.R1 


XRL 
A,R2 


XRL 
A,R3 


XRL 
A,R3 


XRL 
A,R5 


XRL 
A.R6 


XRL 
A,R7 


E 








r 

M0VP3 
A,®A 




EN 
DMA 


1 
JNC 
addr 


RL 
A 


DJNZ 
RO,addf 


DJNZ 
R1,addr 


DJNZ 
R2,addr 


1 
DJNZ 
R3,addr 


DJNZ 
R4.addr 


1 
DJNZ 
R5,addr 


1 
DJNZ 
R6,addr 


1 
DJNZ 
R7.addr 


F 


MOV 
A,@RO 


MOV 
A.®R1 


JB7 
addr 






EN 
FLAGS 


JC 
addr 


RLC 
A 


MOV 
A.RO 


MOV 
A,R1 


MOV 
A,R2 


MOV 
A,R3 


MOV 
A.R4 


MOV 
A,R5 


MOV 
A.R6 


MOV 
A,R7 



#: Immediate data 



1 Byte, 1 Cycle Instruction 

1 Byte, 2 Cycle Instruction 

2 Byte, 2 Cycle Instruction 
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Absolute Maximum 
Ratings 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


Vdd 


-0.3 to +7.0 


V 


Input Voltage 


V,N 




-0.3 to +7.0 


V 


Operating Temperature 


Ta 




to +70 


°c 


Storage Temperature 


'''stg 




-55 to +150 


°c 


Power Dissipation 


Pd 




1.5 


w 



Note: Permanent device damage may occur if the above Absolute Maximum Ratings are exceeded. 
Functional operation should be restricted to the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



Recommended Operating 
Conditions 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc Vdd 


+5.0 ±10% 


V 


Vss 





V 


Operating Temperature 




to +70 


°c 



DC Characteristics 

(Ta - 0°C to +70° C, Vcc = Vdd 
= 5.0V± 10%, Vss = OV) 



Test 



Value 



Parameter 




Symbol 


Conditions 


Min. 


Max. 


Unit 


Input Low Voltage 


All Except 
XTAL1,2, RESET 


V,L 




-0.3 


0.8 


V 




XTAL1,2, RESET 


V,L1 




-0.3 


0.6 


V 


Input High Voltage 


All Except 
XTAL1, 2, RESET 


V|H 




2.0 


Vcc 


V 




XTAL1,2, RESET 


V,H1 




3.8 


Vcc 


V 



DBoto DB7 



Iql = 2.0mA 



o . *i \/ I* P10-P17, P20-P27 
Output Low Voltage oyNc 



\c 



■ 1.6mA 



0.45 



0.45 





PROG 


V0L2 


Iql = 1.0mA 




0.45 


V 




DBoto DB7 


VOH 


Iqh = -400/iA 


2.4 






All other outputs 


V0HI 


Iqh = -SOyuA 


2.4 






Input Leakage 
Current 


To, Ti.RD, WR, CS, 
Ao, EA 


l|L 


Vss^V.N^Vcc 




±10 


M 


Output Leakage 
Current 


DBoto DB7 
(High Z State) 


loL 


Vss+0.45V^ 

V.N^Vcc 




±10 


UA 


Input Low Current 


P1otoPl7 
P2o to P27 


III 


V|L = 0.8V 




0.5 


mA 




RESET, SS 


Ilh 


V|L = 0.8V 




0.2 


mA 


Vdd Supply 
Current 




'dd 






15 


mA 


Supply Current 




Icc^ 
'dd 






125 


mA 
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AC Characteristics 

(Ta = 0°C to +70° C, Vcc = Vdd 



= 5.0V± 10%, Vc; 



= 0V) 



Data Bus Buffer Register Read (Refer to the Fig. 1) 



Parameter 



Symbol 



Test 
Conditions 



Value 



Min. 



Max. Unit 



CS, Aq Setup Time (to RD) 


tAR 











ns 


CS, Ao Hold Time (from RD) 


tpA 











ns 


RD Pulse Width 


tRR 






250 




ns 


Data Delay Time (from CS, Aq) 


Ud 


Cl^ 


= 150pF 




225 


ns 


Data Delay Time (from RD) 


tRD 


Cl = 


= 150pF 




225 


ns 


Data Floating Time (from RD) 


toF 








100 


ns 


Recovery Time 


tRV 






300 




ns 


MBL8041AN 


HtcY 






2.5 


15.0 


fJS 


Cycle Time MBL8041AE 






1.875 


15.0 


A'S 


MBL8041AH 


*** 




1.36 


15.0 


/iS 



*tcY = 2.50fjs at 6MHz XTAL (N version) 
**tcY = 1.875/78 at 8MHz XTAL (E version) 
***tcY = 1.36psat 11 MHz XTAL (H version) 

Data Bus Buffer Register Write (Refer to the Fig. 2) 



Parameter 



Symbol 



Test 
Conditions 



Value 



Min. 



Max. Unit 



CS, Ao Setup Time (to WR) 


Uw 


CS, Ao Hold Time (to WR) 


twA 


WR Pulse Width 


tww 


Data Setup Time (to WR) 


tow 






ns 





ns 


250 


ns 


150 


ns 



Data Hold Time (to WR) 



Port 2 (Refer to the Fig. 3)* 



MBL8041AN MBL8041AE MBL8041AH 



Parameter 


Symbol 


Min. 


Max. 


Min. 


Max. 


Min. 


Max. 


Unit 


Port Control Setup before 
Falling Edge of PROG Time tcp 
(to PROG) 


100 




105 




110 




ns 


Port Control Hold after 
Falling Edge of PROG 
Ticne (from PROG) 


tpc 


60 




80 




100 




ns 


Output Data Setup Time 
(to PROG) 


^DP 


200 




210 




250 




ns 


Output Data Hold Time 
(from PROG) 


tpD 


20 




45 




65 




ns 


Input Data Hold Time 
(from PROG) 


tpF 





150 





150 





150 


ns 


PROG Time P2 Input 
Must be Valid 


tpR 




650 




700 




810 


ns 


PROG Pulse Width 


tpp 


700 




1150 




1200 




ns 



*at 6MHz XTAL for N version 
at 8 MHz XTAL for E version 
at 11 MHz XTAL for H version. 
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AC Characteristics 

(Continued) 



DMA Characteristics (Refer to the Fig. 4) 



Parameter 



Symbol 



Test Va'ue 

Conditions Min. 



Max. Unit 



DACK Setup Time (to RD, WR) 


Ucc 











ns 


DACK Hold Time (from RD.WR) 


tcAC 











ns 


input Data Delay Time (from DACK) 


UcD 


Cl = 


= 150pF 




225 


ns 


DRQ Clear Time (from RD, WR) 


tcRQ 








200 


ns 



AC Test Conditions 

V|L = 0.8V (All except XTAL1 . 2, RESET) 
= 0.6V (XTAL1, 2, RESET) 

V|H = 2.0V (All except XTAL1. 2, RESET) 
= 3.8V (XTAL1, 2. RESET) 

Vol = 0-45V 

VoH - 2.4V 

Output Load 

D0-D7 . Cl = 150pF 

All other outputs: Cl = 80pF 



Timing Diagram 



Figure 1. Data Bus Buffer (DBB) Read Operation 

ii y 



CS,Ao 
(Address) 



X 



X 



-tAD »► 



DBo~7 
(Output) 



1^ 



VALID OUTPUT DATA 



Figure 2. Data Bus Buffer (DBB) Write Operation 



CS.Ao 
(Address) 



d: 



"% 



X 



DBo~7 
(Input) 



■\ 



VALID INPUT DATA 
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Timing Diagram 

(Continued) 



Figure 3. Port 2 (Lower 4 Bits) Operation in Connection with I/O Expander 

/ \ 

SYNC f \ 



J- 



OUTPUT I/O DATA 



:>: 



INPUT I/O DATA 



(CONNECTED WITH I/O EXPANDER) 



PORT CONTROL 



i 



-top ►U«-tpD-»- 



r 



PORT CONTROL 



^. 



OUTPUT DATA 



X 



f 



Figure 4. DMA Operation 

DACK ""r 



r '^ f 



^x^r 



Ucc 

-«( — »- 



'\-j\ 



f^ 

'^v/ 



VALID OUTPUT DATA 



X 



^^— VA 



VALID INPUT DATA 



\ 



Oscillation Circuits 



FUJITSU 



Crystal Oscillator 



•fT 



20pF 



f 



External 
Clock* 



M>> 




'Including capacitances 



• Botii high and low times should be 
more than 35% of the cycle time, and 
rise and fall times should be less than 
20 ns. 



4-145 



MBL8041A/H/E/N 



Package Dimensions 

Dimensions in inches 
(millimeters) 



40-Lead Ceramic 
(Metal Seal) 
Dual In -Line Package 
(Case No.: DIP-40C-A01) 



R.050{1.27) 
REF^ 



O 



2.020(51.31) 



.585(14.86) 

.605(15.38) 

.590(14.99) 
.610(15.49) 



-|^ 



060(1. 52)MAX 





.036(0.91) 015(0.38) 

'.055(1.40) ~*"". 023 (0.58) 



1.900(48.26)REF 
©1986 FUJITSU LIMITED D40006S-1C 



.040(1.02) 
.060(1.53) 



177(4.50)MAX 



120(3.05) 
.150(3.81) 



inches (millimeters) 



40-Lead Plastic 
Dual In-Llne Package 
(Case No.: DIP-40P-M01) 

junnf-innnnnnnnnnnnr-inni-i 



.'(EJECTOR MARK) 



^^^ 



V_ _/ 



uuuuuuuuuuuuuuuuuuuu 

2.045(51.95) 



2.071(52.60) 





' 1 


r 


r- 


s 


.533(13.55) 

553(14.05) 

.590(1 
.610(1 


4.99) 
5.49) 








i 


-~^ 


^ 



15" MAX 
f 



FUJITSU 



-.090(2.29)MAX 




.050(1.27) 11 .015(0.38) 

.070(1 .77) '"".021(0.54) 



=) 1985 FUJITSU LIMITED D40005S-1C 



.195(4.96)MAX 



.020(0.51 )MIN 



4-146 



Advanced Products 



FUJITSU 



MBL8042H/N 

NMOS Universal Peripheral Interface 
8-Bit Microcomputer 



October 1986 
Edition 2.0 



Description 



Features 



The MBL8042 Universal Peripheral Interface is a single-chip 8-bit 
microcomputer based on an 8-bit parallel microprocessor chip. 

The MBL8042 Is fabricated with an N-channel silicon-gate MOS 
process. The MBL8042 has a 2K x 8-blt ROM for program memory, 
a 1 28 X 8-bit RAM for data memory, 1 8 I/O ports, an 8-bit timer/ 
counter and clock generator on the chip, and is powered by single 
+ 5V,supply. 

The MBL8042 is designed to operate as a slave processor, which 
receives commands and data from the master processor, controls 
peripheral devices and transfers input data from peripheral devices 
to the master processor. By using the MBL8042 an intelligent 
peripheral controller can be designed freely. 



I Processor: 
8-bit parallel processing 

I Register- 
One 8-bit Status Register 
(for Interface with master 
processor) 

Two 8-bit Data Bus Buffer 
Registers (for Input/Output) 

I Memory 

— 2K X 8 bit ROM (for 
program memory) 

— 128 X 8 bit RAM (for data 
memory) 

I I/O: 

One 8-bit Bidirectional Data 

Bus 

Two 8-bit Bidirectional I/O 

Ports 

Two Test Inputs 
I Clock Source: 

Clock Generator (with 

External Crystal Resonator) 

or External Clock 



I 8-Bit Interval Timer/Event 

Counter 
I Low-power Standby Opera- 
tion Capability 
I Power-on Reset Capability 

(with External Capacitor) 
I Instruction Set: 
93 Instructions 
(217 Instruction Codes) 
— - 1-byte Instruction (about 
70%), 2-byte Instruction 
(about 30%) 
— 1-cycle or 2-cycle 
Instruction (1 cycle = 
2.5fjs at 6MHz XTAL) 
I Technology: 
N-channel Silicon-gate E/D 
MOS Process 

■ Two Package Options: 
Standard 40- pin Ceramic 
(Suffix-C) or Plastic DIP 
(Suffix-P) 

■ Equivalent: 
Intel 8042 



Portions reprinted by permission of Intel Corporation, Copyright ©1985 Intel Corporation. 
Compilation and additional materials Copyright © 1985 by Fujitsu Limited, Tokyo, Japan, and 
Fujitsu Microelectronics, Inc., Santa Clara, California, U.S.A. Fujitsu Limited is a licensee of Intel 
Corporation and authorized to produce alternate source products.- 



4-147 





















































i" 




\ 


-— 








<^ 


m 


^. 


f# 








^^^gs 


w 






w 


# 


# 


!'' 
















■ 
















Ceramic DIP 
DIP-40C-A01 


— 


— 




















































































































^ 


















^. 




— 








\ 


>f^ 








•.<^ 


itl^ 


11^ 


f^^i 


w 


.' 










Ti^ 


m 














Plastic DIP 
DIP-40P-M01 
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Block Diagram 









8 BIT 






CLOCK 


i EXTERNAL 




MPU 


_Js. 


GENERATOR 


^ XTAL 








.Z\ 


1 






DATA 

BUS BUFFER 

(DBB) 


N 




8 BIT 

TIMER/ 

COUNTER 






> 








J> 




^> 




yL- ^^ 


V 

A 






^f^ 

:> 




SYSTEM / 






INTERFACE \ 


DATA 

BUS BUFFER 

(DBB) 




N 


< 








N 




I/O 
PORT 


A N 


\ P0RT1 








< 




128x8 

DATA MEMORY 

(RAM) 


A 


M k 




<, 












y\ N 


PORT 2 

V f I/O EXPANDER 
\ CONNECTION 
X FLAG OUTPUT 

^ iDMA TERMINAL 




N 




<. . 














_ 


N 1/ 






\Z 


■■ 
, 


TEST PIN 






2048x8 

PROGRAM MEMORY 

(ROM) 















Pin Assignment 



T0(= 


- — V. 


'^ 40 


Zl 


XTAL1 IZ 


2 


39 


=1 


XTAL2IZ 


3 


38 


=] 


RESET C 


4 


37 


D 


*SSCZ 


5 


36 


D 


CSC 


6 


35 


I] 


EAC 


7 


34 


Z] 


RDC 


8 


33 


=1 


AOC 


9 


32 


13 


wrC 


10 TOP 31 


D 


SYNCC 


11 VIEW 30 


=1 


DOC 


12 


29 


=1 


D1C 


13 


28 


I] 


02 C 


14 


27 


=1 


03 C 


15 


26 


Zl 


D4C 


16 


25 


ZI 


D5C 


17 


24 


D 


06 C 


18 


23 


13 


ore 


19 


22 


=1 


VssC 


20 


21 


D 



Vcc 

T1 

P27/DSCR* 

P26/DRO* 
P25/iBP* 
P24/OBF* 
P17* 
P16* 
PIS* 
P14* 
P13* 
PI 2* 
P11* 
P10* 
Vdd 
PROG 
P23* 
P22* 
P21* 
P20* 



'These pins are internally pulled up 



This device contains circuitry to protect the inputs 
against damage due to high static voltages or elec- 
tric fields. However, it is advised that nornnal precau- 
tions be tal<en to avoid application of any voltage 
higher than maximum rated voltages to this high im- 
pedance circuit. 
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Pin Descriptions 



Pin No. Name 



8 

9 

10 
11 



12 

thru 

19 



20 



25 



26 



39 



40 



Symbol Description 



TestO 



Conditional Input for Conditional Branch 



Input pin for an internal Clock Generator connected to 
Crystal 1 XTAL 1 external crystal. Also, this pin can be used as input from an 
external clock source. 



Crystal 2 XTAL 2 



Input pin for an internal Clock Generater connected to external 

crvstal 

(Note: the XTAL 1 and XTAL 2 Input levels are not TTL 

compatible). 



Reset 



RESET 



Resets and forces the MPU to be initialized. 
(Note: This input level is not TTL compatible). 



Single Step SS 



Input pin used for single step operation. 



Chip Select CS 



Input pin used for the master processor to select the DPI. 



Input pin used for controlling program memory access. 
External ^^ Holding EA high forces all program memory fetches to 

Address reference external memory. Useful for emulation and debug, 

and essential for testing and program verification. 



Read Strobe RD 



Strobe input enables the MBL8042 to read contents of the 
Data Bus Buffer register or Status register. 



Address input to read/write data or read/write commands. 
Address "0" Aq Aq = "L" indicates data read or write. 

Aq = "H" indicates status read or command write. 



Write 
Strobe 



WR 



Strobe input enables the MBL8042 to write data into its 
Data Buffer register. 



Sync 



SYNC 



A clock output pin indicating the MBL8042 instruction cycle. 
This pin is used when a synchronization signal Is required for 
external circuits . 



Data Bus 



DBo 
thru 

DBy 



8-bit bidirectional I/O port used to interface the MBL8042 
to the master processor. 



Ground 



iss 



Ground terminal. 



Lower 4 bits of the quasi-bidirectional I/O port (Port 2). 
21 P2o These function as interface port with the I/O expander 

thru Port 2 thru (MBL8243) when an expansion I/O executes instruction. 

24 P23 During single step operation upper 3 bits of the program 

fetch address are output on P20, P21, P22. 



Program PROG 



A strobe signal output pin for an I/O expander (MBL8243) 
used, when performing an expansion I/O Instruction. 



Power 
Supply 



Power supply pin ( + 5V) for internal RAM. 



27 P1o Quasi-bidirectional I/O ports (Port 1). During single step 
thru Port 1 thru operation, the next program fetch address (Lower 8 bits) 
34 PI7 is output. 

35 P24 Upper 4 bits of the quasi-bidirectional I/O port (port 2). 

thru Port 2 thru These function as the flag output pins (P24 and P25) and 

38 P27 DMA pins (P26 and P27) according to instructions. 



Testi 



This pin has the following functions according to 
instruction: 

1 . Event Input pin for the Event Counter. 

2. Condition Input pin for Conditional Branch. 



Power 
Supply 



Vcc 



Power supply pin ( + 5V). 
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System Interface 



The master processor and 
MBL8042 are interfaced 
through the data bus buffer. 

MBL8042 has 2 internal DBB 
(Data Bus Buffer) registers. 
The register to be accessed is 
determined by the address 
line and strobe signal. 

Flag 1 (F1) is set when a 
command is written (Ao = 1). 
and reset when data is written 
(Ao = 0). 



The master processor can 
read only data from the output 
DBB register, and cannot read 
and check data or commands 
which the master processor 
has written itself. 

When MBL8042 writes data to 
the output DBB with the OUT 
DBB, A instruction, OBF is set. 



When DBB is read (CS = RD = 
Ao = 0, WR = 1) by the master 
processor, OBF is reset. IBF is 
set when the master processor 
writes to the DBB, and reset 
when MBL8042 reads data 
from the DBB with IN A, DBB 
instruction. 

The internal status of the 
MBL8042 does not change 
when the status register 
contents are read out. 



CS 


RD 


WR 


Ao 


Description 








1 





Read DBB (Output) register. 








1 


1 


Read Status Register. 





1 








Write DBB (Input) register (Data). 





1 





1 


Write DBB (Input) register (Command). 


1 


X 


X 


X 


Invalid. 



Interface between 
MBL8042 and 
Master Processor 



<^ 



MASTER 
PROCESSOR 



MBL8042 



De 



STs 



(INPUT) 



WR 
Ao 



ADDRESS 

CONTROL 

LOGIC 
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R«sid«nt Data Mamory 
Map (RAM) 



Address 
(Hex) 



1 

2 

3 

4 

5 

6 

7 

8 

9 



16 
17 
18 
19 
1A 
IB 
1C 
ID 
IE 
1F 
20 
21 
22 



7D 
7E 
7F 



Rq Register 



Ri Register 1 



R2 Register 2 



R3 Register 3 



R4 Register 4 



R5 Register 5 



Re Register 6 



R7 Register 7 



PCl 



AC 



FO 



Rq Register 



Ri Register 1 



R2 Register 2 



R3 Register 3 



R4 Register 4 



R5 Register 5 



Rg Register 6 



R7 Register 7 



Register Banl< 



BS 



PCu 



Register Bank 1 



Working Area (96 Bytes) 



Stack Register 

(16 Bytes) 

(8 Level Stack) 



Status Register (PSW) 

The Status Register is an 8-bit 
register configured as sliown in 
the following figure. The upper 
four bits are used for flags to 
indicate the status of the MRU 
and when a sub-routine call or 
an interrupt occurs, the 
contents of the program 
counter is transferred to one of 
the 8 register pairs of the 
Stack Register as determined 
by the lower three bits of the 
Status Register. The 
remaining one bit is an 
unused bit. 



7 


6 


5 


4 


3 


2 


1 





c 


.0 


Fo 


BS 


1 


SP2 


SPi 


SPo 


^ Cl^^- w 


(Unused 
Bit) 


-^— Stack Pointer— ► 






yo 
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Flags 

C (Carry): When an overflow 
occurs in the Accumulator, this 
bit is set to "1". 

AC (Auxiliary Carry): When an 
overflow occurs from Bit 3 to Bit 
4 in the accumulator, this bit is 
set to "1". 

Fq (User Flag): This flag can 
be controlled as a user flag by 
the proper instruction. 

BS (Bank Select): This flag can 
be controlled to select a 
Register Bank by an instruction. 
When BS = 0, Register Bank 
is selected. When BS = 1 , the 
Register Bank 1 is selected. 

Stack Register (8 Level 
Capability) 

The Stack Register has 16 
bytes of memory area in the 
built-in RAM. The stack 
Register consists of eight 
levels, i.e. a Stack level 
consists of two bytes as 
shown below. 



SP (Stack Pointer): In the 
diagram below, "SP" indicates 
a Stack Pointer address to be 
used for the next sub-routine 
call or interrupt. "SP" is given 
an 8-bit code from the lower 
three bits of Status Register as 
follows: 

SP = 00001 SP2SP1SP0 

^►Status Register 
Bits to 2. 

PC (Program Counter): 
"PC^" indicates the contents 
of the n-th bit in the Program 
Counter. 

Interrupt Processing (IBF 
Interrupt, Timer/Counter 
Interrupt) 

There are two types of 
interrupt: the IBF interrupt and 
Timer/Counter interrupt. 

If an interrupt occurs when the 
system is in "interrupt enable" 
status, the interrupt flag is set 
as soon as the current 
instruction is completed. 

When the interrupt processing 
begins, the Status and 
Program Counter contents are 



first stored in the stack. 
Then, operation jumps to 
Address 3 in the case of the 
IBF interrupt and Address 7 in 
the case of a timer interrupt. 

After the interrupt has been 
processed by a user program 
and RETR (Return and 
Restore Status) instruction has 
been executed, the Status and 
Program Counter contents 
stored in the stack are 
restored, the interrupt flag is 
reset and the system is ready 
to accept the next interrupt 
request. 

A Timer/Counter interrupt 
request occurs when the 
Timer/Counter overflow flag is 
set due to Timer/Counter 
overflow. 

However, since the 
Timer/Counter interrupt 
request is masked by the IBF 
interrupt request, IBF interrupt 
has first priority. 

The Timer/Counter interrupt is 
enabled after the IBF interrupt 
has been executed and the 
system has become ready to 
receive the next interrupt 
request. 



SP-3 


SP-2 


SP-1 


SP 


SP + 1 

t 


RAM 
Address 



MSB 






LSB 








PC7-4 


PC3-0 


PSW7-4 


PC10-8 





















A Set of 2 Bytes 



This level will be used at the 

next sub-routine call or 

interrupt. 

Stack Position 

SP = 00001 SP2SP1SP0 
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Interrupt Flow Chart 
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Instruction Set Summary 



Accumulator 
Operation 



OP 



Flag 



Mnemonic Codlo Byte Cycie 



AC 



Note 



Add register to A 


ADD A, Rr 


6X 1 1 






(A)'e-(A) + (Rr) 


Add data memory to A 


ADD A, @R0 


60 1 1 






(A)4-(A) + ((R0)) 




ADDA,@R1 


61 1 






(A)«-(A) + ((R1)) 


Add immediate to A 


ADD A, #data 


03 2 J 






(A)<-(A)+data 


Add register to A with Carry 


ADDC A, Rr 


7X 1 






(A)<*-(A) + (Rr) + C 


Add data memory 
to A with Carry 


ADDC A, @R0 


70 1 






(A)<~(A) + ((R0)) + C 




ADDC A, @R1 


71 1 






(A)««-(A) + ((R1)) + C 


Add immediate to A with 
Carry 


ADDC A, #data 


13 2 ; 






(A)<-(A)+data+C 


AND register to A 


ANL A, Rr 


5X 1 


— 


— 


(A) - (A) AND (Rr) 


AND data memory to A 


ANL A, @R0 


50 1 


— 


— 


(A) - (A) AND (RO) 




ANL A, @R1 


51 1 1 


— 


— 


(A)-(A)AND(R1) 


AND immediate to A 


ANL A, #data 


53 2 i 


? — 


— 


(A) - (A) AND data 


OR register to A 


ORL A, Rr 


4X 1 


— 


— 


(A) - (A) OR (Rr) 


OR data memory to A 


ORL A. @R0 


40 1 1 


— 


— 


(A) - (A) OR ((RO)) 




ORLA, @R1 


41 1 


— 


— 


(A)^(A)0R((R1)) 


OR immediate to A 


ORL A, #data 


43 2 ; 


I — 


— 


(A) - (A) OR data 


Exclusive OR register to A 


XRLA, Rr 


DX 1 


— 


— 


(A) - (A) XOR (Rr) 


Exclusive OR data memory 
to A 


XRL A, @R0 


DO 1 


- 


- 


(A) - (A) XOR ((RO)) 




XRLA, @R1 


D1 1 1 


_ 


— 


(A)^(A)X0R((R1)) 


Exclusive OR immediate to A 


XRL A, #data 


D3 2 J 


> — 


— 


(A) - (A) XOR data 


Increment A 


INC A 


17 1 1 


— 


— 


(A) ^ (A) + 1 


Decrement A 


DEC A 


07 1 


— 


— 


(A) - (A) - 1 


Clear A 


CLRA 


27 1 


— 


— 


(A)-0 


Complement A 


CPLA 


37 1 


— 


— 


(A) - (A) 


Decimal Adjust A 


DA A 


57 1 1 




— 


Note(1) 


Swap nibbles of A 


SWAP A 


47 1 






(A7~4) - (A3~0) 

7 Q 


Rotate A Left 


RLA 


E7 1 


~ 


~ 


^H 1 1 IH-1 1 1'p 


Rotate A Left through Carry 


RLCA 


F7 1 




- 


^^i 1 i-fiii^ 


Rotate A Right 


RRA 
RRCA 


77 1 
67 1 


- 


- 


Rotate A Right through Carry 


c 


Note 1: The accumulator value is adjusted to fornri BCD dig 


ts following the binary addition of BCD numbers. 


Operation Code X: Table 1 












Flag*: This flag is set or reset in the state after executed ins 


truction. 







Input/Output 



Operation 



OP 



Flag 



Mnemonic Code Byte Cycie C 



AC 



Note 



Input port to A 

Output A to port 

AND immediate to port 

OR immediate to port 

Input DBS to A, clear IBF 
Output A to DBB, set OBF 
A7~4 to bits 7-4 of Status 
Input Expander port to A 
Output A to Expander port 
AND A to Expander port 
OR A to Expander port 



IN A, PI 


09 


1 


2 


IN A. P2 


OA 


1 


2 


OUTL PI, A 


39 


1 


2 


OUTL P2, A 


3A 


1 


2 


ANL P1, #data 


99 


2 


2 


ANL P2, #data 


9A 


2 


2 


0RLP1,#data 


89 


2 


2 


ORL P2, #data 


8A 


2 


2 


IN A, DBS 


22 




1 


OUT DBB, A 


02 




1 


MOV STS, A 


90 




1 


MOVD A, Pp 


OX 




2 


MOVD Pp . A 


3X 




2 


ANLD Pp , A 


9X 




2 


ORLDPp.A 


8X 




2 



(A) ♦-(PI) 

(A) - (P2) 

(PI) -(A) 

(P2) ^ (A) 

(P1)«-(P1)ANDdata 

(P2) - (P2) AND data 

(PI) -(PI) OR data 

(P2) - (P2) OR data 

(A) - (DBB), (IBF) - 

(DBB) - (A), (OBF) - 1 

(STS7)~4)«-(A7~4) 

(A3HD) -(Pp),(A7~4)-0 

(Pp) - (A3--0) 

(Pp) - (Pp) AND (A3~0) 

(Pp) - (Pp) OR (A3~0) 



Operation Code X: Table 2 
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Instruction Set Summary 

(Continued) Data Moves 



Operation 



OP Flag 

Code Byte Cycle C 



Note 



Move register to A 
Move data memory to A 

Move immediate to A 
Move A to register 
Move A to data memory 

Move immediate to register 
Move immediate 
to data memory 



Move PSW to A 
Move A to PSW 
Exchange A and register 
Exchange A and data memory 

Exchange digit of A 
and data memory 

Move to A from current page 
Move to A from Page 3 



MOV A, Rr 


FX 1 


1 


MOV A, @R0 


FO 1 


1 


MOV A, @R1 


F1 1 


1 


MOV A, #data 


23 2 


2 


MOV Rr, A 


AX 1 


1 


MOV @R0, A 


AO 1 


1 


M0V@R1,A 


A1 1 


1 


MOV Rr. #data 


BX 2 


2 


MOV @R0, 
#data 


BO 2 


2 


MOV @R1, 
#data 


B1 2 


2 


MOV A, PSW 


07 1 




MOV PSW, A 


D7 1 




XCH A, Rr 


2X 1 




XCH A, @R0 


20 1 




XCH A, @R1 


21 1 




XCHD A, @R0 


30 1 




XCHD A, @R1 


31 1 




MOVP A, @A 


A3 1 


2 


M0VP3 A, @A 


E3 1 


2 



(A) - (Rr) 
(A)^((RO)) 
(A)-.((R1)) 
(A) - data 
(Rr) -- (A) 
((RO))-(A) 
((R1))^(A) 
(Rr) - data 

((RO)) -data 

((R1)) -data 

(A) - (PSW) 
(PSW) - (A) 
(A)r(Rr) 
(A)r((RO)) 
(A)r((R1)) 

(A3~0) Z ((R0)3~0) 

(A3~0)r ((R1)3~0) 
(A) — ((A)) within page 
(A) *-((A)) within page 3 



Operation Code X: Table 1 

Flag*: This flag is set or reset in the state after executed instruction. 



Timer/Counter 



Operation 



Read Timer/Counter 
Load Timer/Counter 
Start Timer 
Start Counter 
Stop Timer/Counter 
Enable Timer/ 
Counter Interrupt 
Disable Timer/ 
Counter Interrupt 



Control 



Operation 



OP Flag 

Code Byte Cycle C 



AC 



Note 



MOV A, T 


42 1 1 


MOV T A 


62 1 1 


STRTT 


55 1 1 


STRT CNT 


45 1 1 


STOP TCNT 


65 1 1 


EN TCNTI 


25 1 1 


DISTCNTI 


35 1 1 



(A) - (T) 
(T) - (A) 



OP Flag 

Code Byte Cycle C 



Enable DMA Handshake Lines EN DMA 


E5 1 1 


Enable IBF Interrupt 


ENI 


05 1 1 


Disable IBF Interrupt 


DISI 


15 1 1 


Enable Master Interrupts 


EN FLAGS 


F5 1 1 


Select register bank 


SEL RBO 


C5 1 1 


Select register bank 1 


SEL RBI 


D5 1 1 


No Operation 


NOP 


00 1 1 



(BS) - 
(BS) - 1 
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Instruction Set Summary 

(Continued) 



Operation 


Mnemonic 


OP 
Code 


Byte 


Flag 
Cycle C 


AC 


Note 


Increment register 
Increment data memory 

Decrement register 


INCRr 
INC @R0 
INC@R1 
DECRr 


IX 
10 

11 
ex 


1 

1 
1 
1 


1 
1 
1 

1 


- 


- 


(Rr)^(Rr) + 1 
((RO)) - ((RO)) + 1 
((R1))^((R1)) + 1 
(Rr) - (Rr) - 1 


Operation Code X: Table 1 
Subroutine 

Operation 


Mnemonic 


OP 
Code 


Byte 


Cycle 


Flag 

C 


AC 


Note 


Jump to Subroutine 

Return 

Return and restore status 


CALL addr 

RET 

RETR 


%4 
83 
93 


2 
1 

1 


2 
2 
2 


- 


- 


Note (2) 
Note (3) 
Note (4) 



Operation Code %: Table 3 

Flag*: This flag is set or reset in the state after executed instruction. 

Flags 

OP Flag 

Operation 



Mnemonic Code Byte Cycle C 



AC 



Note 



Clear Carry 


CLRC 


97 


Complement Carry 


CPLC 


A7 


Clear Flag 


CLR FO 


85 


Complement Flag 


CPLFO 


95 


Clear Flag 1 


CLRF1 


A5 


Complement Flag 1 


CPLF1 


B5 


Flag Z: Reset OP: Invert 






Branch 







z 

CP 



(C)-q_ 

(C) - (C) 
(F0)^0_ 
(FO) ^ (FO) 
(F1)^0_ 
(FI)^(FI) 



OP 



Flag 



Operation 



Mnemonic Code Byte Cycle C 



AC 



Note 



Jump unconditional 


JMPaddr 


%4 


2 


2 


Jump indirect 


JMPP@A 


B3 


1 


2 


Decrement register and jump 


DJNZ Rr,addr 


EX 


2 


2 


Jump on Carry = 1 


JCaddr 


F6 


2 


2 


Jump on Carry = 


JNCaddr 


E6 


2 


2 


Jump on A Zero 


JZaddr 


C6 


2 


2 


Jump on A not Zero 


JNZaddr 


96 


2 


2 


Jump on TO = 1 


JTO addr 


36 


2 


2 


Jump on TO = 


JNTO addr 


26 


2 


2 


Jump on T1 = 1 


JT1 addr 


56 


2 


2 


Jump on T1 =0 


JNT1 addr 


46 


2 


2 


Jump on FO = 1 


JFOaddr 


B6 


2 


2 


Jump on F1 = 1 


JF1 addr 


76 


2 


2 


Jump on Timer Flag = 1, 
Clear Flag 


JTF addr 


16 


2 


2 


Jump on IBF Flag = 


JNIBFaddr 


D6 


2 


2 


Jump on DBF Flag = 1 


JOBFaddr 


86 


2 


2 


Jump on Accumulator Bit 


JBb addr 


%2 


2 


2 



Unconditional Branch 

Unconditional Branch 

Note (5) 

(Rr) * Note (6) 

(C) = 1 

(C)=0 

(A) = 

(A) 7^0 

(TO) = H 

(TO) = L 

(T1) = H 

(T1) = L 

(FO) = 1 

(F1) = 1 

(TF) = 1 

(IBF) = 
(OBF) = 1 
(Ab) = 1 



Operation Code X: Table 1 
%: Table 3 

Note 2: Call addr 

((SP)) - (PC), (PSW7~4) 
(SP) - (SP) + 1 
(PC10~8)- Ah 
(PC7~0) - Al 



Note 3: RET 

(SP) - (SP) - 1 
(PC)^((SP)) 

Note 4: RETR 

(SP) - (SP) - 1 
(PC)-((SP)) 
(PSW7~4) - ((SP)) 



Note 5: JMPP(ffi 
(PC7~0) - ((A)) 

Note 6: DJNZ Rr, addr 
(Rr)-(Rr)-1 
if (Rr) 7^ (PC7~0) *- addr 
if (Rr) = Execute next instruction 
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Instruction Set Summary 

(Continued) 



OP Code Of Register Access (Table 1) 

Mnemonic Rr RO R1 R2 R3 R4 R5 R6 R7 



ADDA.Rr 


63 


69 


6A 


6B 


6C 


6D 


6E 


6F 


ADDC A.Rr 


78 


79 


7A 


7B 


7C 


7D 


7E 


7F 


ANLA.Rr 


58 


59 


5A 


5B 


5C 


5D 


5E 


5F 


DECRr 


C8 


C9 


CA 


CB 


CC 


CD 


CE 


CF 


DJNZ Rr, addr 


E8 


E9 


EA 


EB 


EC 


ED 


EE 


EF 


INCRr 


18 


19 


1A 


IB 


1C 


ID 


IE 


IF 


MOV A.Rr 


F8 


F9 


FA 


FB 


FC 


FD 


FE 


FF 


MOV Rr.A 


A8 


A9 


AA 


AB 


AC 


AD 


AE 


AF 


MOV Rr.# data 


B8 


B9 


BA 


BB 


BC 


BD 


BE 


BF 


ORLA, Rr 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


XCH A,Rr 


28 


29 


2A 


2B 


2C 


2D 


2E 


2F 


XRL A,Rr 


D8 


D9 


DA 


DB 


DC 


DD 


DE 


DF 



OP Code Of Expander (Table 2) 
Mnemonic PP P4 



P5 



P6 



P7 



ANLD Pp, A 
MOVD A, Pp 
MOVD Pp, A 
ORLD Pp, A 



9C 


9D 


9E 


9F 


OC 


OD 


OE 


OF 


3C 


3D 


3E 


3F 


8C 


8D 


8E 


8F 



OP Code Of JMP, CALL, JBb (Table 3) 

First Byte 



bit 

7 



6 5 4 3 2 



I "" g I n I rp I 



bit 
7 6 



5 4 3 2 



Pi | Po | 



bit 
7 



5 4 3 2 



JMP 



CALL 



JBk 



1 Ah 








1 










1 Ah 


1 





1 










1 B, 


1 








1 


o| 



Second Byte 

bit 
7 6 5 4 3 2 10 



Ah; Address A^q. Ag, As 

Al; Address Ay to Ag 

Bt,; b-th Bit on Accumulator 
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Instruction Codes 



\ 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


c 


D 


E 


F 





NOP 




OUT 
DBB.A 


1 
ADD 

A, # 


JMP 
Oxx 


EN 

1 




DEC 
A 




r 

IN 
A, PI 


IN 
A, P2 




f 
MOVD 
A, P4 


MOVD 
A, P5 


MOVD 
A, P6 


f 
MOVD 
A, P7 


1 


INC 
@R0 


INC 
@R1 


1 
JBO 
addr 


ADDC 
A, # 


CALL 
Oxx 


DIS 
1 


JTF 
addr 


INC 
A 


INC 
RO 


INC 
R1 


INC 
R2 


INC 
R3 


INC 
R4 


INC 
R5 


INC 
R6 


INC 
R7 


2 


XCH 
A, @R0 


XCH 

A, @R1 


IN 
A, DBB 


1 
MOV 

A, # 


JMP 

1 XX 


EN 
TCNTI 


1 
JNTO 
addr 


CLR 
A 


XCH 
A, RO 


XCH 
A, R1 


XCH 
A, R2 


XCH 
A, R3 


XCH 

A, R4 


XCH 
A, R5 


XCH 
A, R6 


XCH 
A, R7 


3 


XCHD 
A, @R0 


XCHD 
A, @R1 


JB1 
addr 




CALL 

1 XX 


DIS 

TCNTI 


1 
J TO 
addr 


CPL 
A 




r 

OUTL 
P1, A 


r 

OUTL 
P2, A 




r 

MOVD 
P4, A 


r 

MOVD 
P5, A 


r 

MOVD 
P6,A 


r 

MOVD 
P7 A 


4 


ORL 
A, @R0 


ORL 
A, @R1 


MOV 
A, T 


ORL 

A, # 


JMP 
2xx 


STRT 
CNT 


1 
JNT1 
addr 


SWAP 
A 


ORL 
A, RO 


ORL 
A, R1 


ORL 
A, R2 


ORL 
A, R3 


ORL 
A, R4 


ORL 
A, R5 


ORL 
A, R6 


ORL 
A, R7 


5 


ANL 
A,@RO 


ANL 
A, @R1 


JB2 
addr 


1 
ANL 
A, # 


CALL 
2xx 


STRT 

T 


1 
JT1 
addr 


DA 
A 


ANL 
A, RO 


ANL 
A, R1 


ANL 
A, R2 


ANL 
A, R3 


ANL 
A, R4 


ANL 
A, R5 


ANL 
A, R6 


ANL 
A, R7 


6 


ADD 
A, @R0 


ADD 
A, @R1 


MOV 
T, A 




JMP 
3xx 


STOP 
TCNT 




RRC 
A 


ADD 
A, RO 


ADD 
A, R1 


ADD 
A, R2 


ADD 
A, R3 


ADD 
A, R4 


ADD 
A, R5 


ADD 
A, R6 


ADD 
A, R7 


7 


ADDC 
A, @R0 


ADDC 
A, @R1 


JB3 
addr 




CALL 
3xx 




1 
JF1 
addr 


RR 
A 


ADDC 
A, RO 


ADDC 
A, R1 


ADDC 
A, R2 


ADDC 
A, R3 


ADDC 
A, R4 


ADDC 
A, R5 


ADDC 
A, R6 


ADDC 
A, R7 


8 








RET 


JMP 
4x x 


CLR 
FO 


JOBF 
addr 






ORL 

P1,# 


1 
ORL 
P2,# 




r 

ORLD 
P4, A 


r 

ORLD 
P5, A 


f 
ORLD 
P6, A 


r 

ORLD 
P7, A 


9 


MOV 
STS, A 




JB4 
addr 


RETR 


CALL 
4xx 


CPL 
FO 


JNZ 
addr 


CLR 
C 




ANL 
P1,# 


ANL 
P2, # 




r 

ANLD 
P4, A 


f 
ANLD 
P5, A 


ANLD 
P6, A 


r 

ANLD 
P7 A 


A 


■ MOV 
@R0, A 


MOV 
@R1, A 




r 

MOVP 
A, @A 


JMP 
5xx 


CLR 

F1 




CPL 
C 


MOV 
RO, A 


MOV 
R1, A 


MOV 
R2, A 


MOV 
R3, A 


MOV 
R4, A 


MOV 
R5, A 


MOV 
R6, A 


MOV 
R7, A 


B 


MOV 

@R0, # 


MOV 
@R1, # 


JB5 
addr 


r 

JMPP 
@A 


CALL 
5xx 


CPL 
F1 


JFO 
addr 




MOV 

RO, # 


MOV 

R1,# 


MOV 
R2, # 


1 
MOV 
R3, # 


MOV 

R4, # 


1 
MOV 

R5, # 


MOV 

R6, # 


1 
MOV 
R7, # 


C 










JMP 
6xx 


SEL 
RBO 


JZ 

addr 


MOV 
A, PSW 


DEC 
RO 


DEC 
R1 


DEC 
R2 


DEC 
R3 


DEC 
R4 


DEC 
R5 


DEC 
R6 


DEC 
R7 


D 


XRL 
A,@RO 


XRL 
A,@R1 


1 
JB6 
addr 


XRL 

A, # 


CALL 
6xx 


SEL 
RBI 


JNIBF 
addr 


MOV 
PSW, A 


XRL 
A, RO 


XRL 
A, R1 


XRL 
A, R2 


XRL 
A, R3 


XRL 
A, R4 


XRL 
A, R5 


XRL 
A, R6 


XRL 
A, R7 


E 








r 

MOVP3 
A.@A 


JMP 
7xx 


EN 

DMA 


JNC 
addr 


RL 
A 


DJNZ 
RO, addr 


DJNZ 
R1,addr 


DJNZ 
R2, addr 


DJNZ 
R3, addr 


DJNZ 
R4, addr 


1 
DJNZ 
R5, addr 


DJNZ 
R6, addr 


1 
DJNZ 
R7, addr 


F 


MOV 
A, @R0 


MOV 
A, @R1 


JB7 
addr 




CALL 
7xx 


EN 
FLAGS 


JC 
addr 


RLC 
A 


MOV 
A, RO 


MOV 
A, R1 


MOV 
A, R2 


MOV 
A, R3 


MOV 
A, R4 


MOV 
A, R5 


MOV 
A, R6 


MOV 
A, R7 



#: Immediate data 



1 Byte, 1 Cycle Instruction 

1 Byte, 2 Cycle Instruction 

2 Byte, 2 Cycle Instruction 



FUJITSU 



4-158 



MBL8042H/N 



Absolute Maximum 
Ratings 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc. 


Vdd 


-0.3 to +7.0 


V 


Input Voltage 


V,N 




-0.3 to +7.0 


V 


Operating Temperature 


Ta 




to +70 


°c 


Storage Temperature 


Tstg 




-55 to +150 


''C 


Power Dissipation 


Pd 




1.5 


w 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation 
should be restricted to the conditions as detailed In the operational specifications of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 



Recommended Operating 
Conditions 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc. Vdd 


+5.0 ±10% 


V 


Vss 





V 


Operating Temperature 




to +70 


°G 



DC Characteristics 

{TA = 0°Cto+70°C,Vcc = VDD 
= 5.0V±10%, Vss = 0V) 



Test 



Value 



Parameter 




Symbol 


Conditions 


Min. 


Max. 


Unit 




All Except 


V,L 




-0.3 


0.8 


V 


Input Low Voltage 


XTAL1,2, RESET 




XTAL1,2, RESET 


V,L1 




-0.3 


0.6 


V 




All Except 


V,H 




2.0 


Vcc 


V 


Input High Voltage 


XTAL1,2, RESET 




XTAL1,2, RESET 


V,H1 




3.8 


Vcc 


V 



DBo to DB7 



Iql = 2.0mA 



Output Low voltage P;°j-P^^'P20-P27 



loL = 1.6mA 



0.45 



0.45 





PROG 


V0L2 


loL = 1.0mA 




0.45 


V 




DBo to DB7 


Vqh 


loH = -400M 


2.4 






All other outputs 


V0H1 


loH = -50M 


2.4 






Input Leakage 
Current 


To,Ti,RD,WR, CS, 
Ao, EA 


l|L 


Vss^V.N^Vcc 




±10 


M 


Output Leakage 
Current 


DBo to DB7 
(High Z State) 


«0L 


Vss+0.45V^ 

VlN^Vcc 




±10 


M 


Input Low Current 


P1otoPl7 
P2o to P27 


Ili 


V,L = 0.8V 




0.5 


mA 




RESET, SS 


Ilii 


V,L = 0.8V 




0.2 


mA 


Vdd Supply 
Current 




•dd 






15 


mA 


Supply Current 




Icc-^ 
'dd 






125 


mA 
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AC Characteristics 

(TA = 0°Cto+70°C,Vcc = 
= 5.0V±10%, Vss = OV) 



Data Bus Buffer Register Read (Refer to the Fig. 1) 



Parameter 



Symbol 



Test 
Conditions 



Value 



Min. Max. Unit 



CS, Aq Setup Time (to RD) 


tAR 









ns 


CS, Ao Hold Time (from RD) 


tRA 









ns 


RD Pulse Width 


tpR 




160 




ns 


Data Delay Time (frohri CS, Aq) 


Ud 


Cl= 150pF 




130 


ns 


Data Delay Time (from RD) 


tRD 


Cl = 150pF 




130 


ns 


Data Floating Time (from RD) 


toF 






85 


ns 


^ , '. MBL8042N 

Cycle Time 

MBL8042H 


- tcY 


* 


2.5 


15.0 


A'S 


** 


1.25 


15.0 


fJS 



*tcY = 2.50/us at 6MHz XTAL (N version) 
**tcY = 1-25/ws at 12MHz XTAL (H version) 

Data Bus Buffer Register Write (Refer to tlie Fig. 2) 



Parameter 



Symbol 



Test 
Conditions 



Value 



CS, Ao Setup Time (to WR) 


Uw 


CS, Aq Hold Time (from WR) 


^WA 


WR Pulse Width 


tww 


Data Setup Time (to WR) 


^DW 



Min. 


Max. 


Unit 







ns 







ns 


160 




ns 


130 




ns 



Data Hold Time (from WR) 



Port 2 (Refer to the Fig. 3)* 



MBL8042N 



MBL8042H 



Parameter 


Symbol 


Min. 


Max. 


Min. 


Max. 


Unit 


Port Gpntrol Setup before 
Falling Edge of PROG Time 
(to PROG) 


tcp 


100 




110 




ns 


Port Control Hold after 
Falling Edge of PROG 
Time (from PROG) 


tpc 


60 




100 




ns 


Output Data Setup Time 
(to PROG) 


top 


200 




250 




ns 


Output DatI Mold Time 
(from PROG) 


tpD 


20 




65 




ns 


Input Data Hold Time 
(from PROG) 


tpc 





150 





150 


ns 


PROG Time P2 Input 
Must be Valid 


fpR 




650 




810 


ns 


PROG Pulse Width 


tpp 


700 




1200 




ns 



*at 6MHz XTAL for N version 
at 12MHz XTAL for H version 
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AC Characteristics 

(Continued) 



DMA Characteristics (Refer to the Fig. 4) 



Parameter 



Test 



Value 



Symbol Conditions Min. Max. Unit 



DACK Setup Time (to RD, WR) 


Ucc 









ns 


DACK Hold Time (from RD, WR; 


tcAc 









ns 


Input Data Delay Time (from DACK) 


UcD 


Cl = 150pF 




130 


ns 


DRQ Clear Time (from RD, WR) 


tcRQ 






100 


ns 



AC Test Conditions 

V|L = 0.8V (All except XTAL1 . 2, RESET) 

= 0.6V (XTAL1, 2, RESET) 

V|H = 2.0V (All except XTAL1 . 2, RESET) 

= 3.8V(XTAL1,2, RESET) 
Vol = 0.45V 
VoH = 2.4V 

Output Load 

D0-D7 : Cl = 150pF 

All other outputs: Cl = 80pF 



Timing Diagram 



Figure 1. Data Bus Buffer (DBB) Read Operation 



CS,Ao 
(Address) 



X 






J' 



DB(H7 
(Output) 



< 



"V 



VALID OUTPUT DATA 



Figure 2. Data Bus Buffer (DBB) Write Operation 



CS,Ao 
(Address) 



\ 



DBo~7 
(Input) 



X 






I' 



■\ 



VALID INPUT DATA 



X 
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Timing Diagram 

(Continued) 



Figure 3. Port 2 (Lower 4 Bits) Operation in Connection with I/O Expander 

/ \ 

SYNC f y 



f 



OUTPUT I/O DATA 



y. 



INPUT I/O DATA 



y. 



(CONNECTED WITH I/O EXPANDER) 



PORT CONTROL 



£ 



PORT CONTROL 



■^. 



OUTPUT DATA 



:c 



% 



INPUT DATA Jl INPUT STATE 



^r 



Figure 4. DIVIA Operation 

DACK r 



r 'I 



^^^\ 



X 



UCC ^ ' \ JCAC 



\ V 



VALID OUTPUT DATA 



X 



> — V 



VALID INPUT DATA 






Oscillation Circuits 



Crystal Oscillator 



External Clock Driver 



FUJITSU 



1 TO 11 MHz 2 



'f 



MBL8042 
XTAL1 



EXTERNAL 
CLOCK* 



>-|>o^ 



470fl> 



MBL8042 
XTAL1 



* Including stray capacitances 



* Both high and low times should 
be more than 35% of the cycle 
time, and rise and fall times 
should be less than 20 ns. 
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Package Dimensions 

Dimensions in inches 
(millimeters) 



40 -Lead Ceramic 
(Metai Seal) 
Dual in -Line Paclcage 
(Case No.: DiP-40C-A01) 



R.050(1.27) 
REF 



^^ 



C= 



1 .980(50.29) 



.585(14.86) 

.605(15.38) 

590(14.99) 
610(15.49) 



FUJITSU 



-H (—.060(1. 52)M AX 



t 




■036(0.91) J 

■.055(1.40) -^ 



.015(0.38) 
.023(0.58) 



1.900(48.26)REF 
©1986 FUJITSU LIMITED D40006S-1C 



177(4.50)MAX 



.120(3.05) 
.150(3.81) 



.040(1 .02) 
.060(1.53) 



40-Lead Plastic 
Dual in -Line Paclcage 
(Case No.: DIP-40P-M01) 



nnnnnnnnnnnnnnnnnnnn 



0°~15° 




(EJECTOR MARK) 



uuuuuuuuuuuuuuuuuuuu 

2.045(51.95) 



533(13.54) 

.553(14.05) 

.590(14.99) 
.610(15.49) 



(0.20) / 



.008(0. 
.012(0.30) 



-.090(2.29)MAX 




.070(1.77) 
© 1985 FUJITSU LIMITED D40005S- 10 



195(4.96)MAX 



118(3.00)MIN 
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NMOS UNIVERSAL 
PERIPHERAL 
INTERFACE 8-BIT 
MICROCOMPUTER 



MBL8742H/N 



October 1986 
Edition 1 .0 



DESCRIPTION 

The Fujitsu MBL8742 Universal Peripheral Interface (UPI) is an 8-bit micro- 
computer that uses a 2K x 8-bit Electrically Programmable Read Only Memory 
(EPROM). Besides the EPROM program memory, the microprocessing circuits 
are supported by a 256 x 8-bit static RAM, 18 I/O lines, an 8-bit timer counter, and 
a clock generator. The device can be ordered in either of two speed versions: 
N-version for operation at 6MHz and H-version for operation at 12MHz. For 
either frequency, the operating temperature is 0°C to 70° C. 

The MBL8742 is fabricated using an N-channel polysilicon-gate MOS process 
and is housed in a 40-pin ceramic windowed DIP A single +5-volt supply is 
required for basic operation; the EPROM requires an ultraviolet (UV) light 
source for erasure and a 21-volt supply for programming. 

Using the EPROM program memory, the MBL8742 is ideally suited for such 
applications as system evaluation, system prototyping, and low-volume 
production work. 

FEATURES 

• Processor: 8-bit Microprocessing Unit (IVIPU) 

• Memories: 2K x 8-bit Program Memory (EPROM) 

256 X 8-bit Data Memory (static RAM) 

— 8-level Stack 

— 8 pairs of Working Registers 

• I/O: One 8-bit Bidirectional Data Bus 

Two 8-bit Bidirectional I/O Ports 
Two Test Inputs 

• Master Processor Interface: One 8-bit Status Register 

Two 8-bit Data Bus Buffer 
Registers 

• DMA Handshake Capability 

• 8-bit Timer/Event Counter 

• Clock Source: Internal Clock Generator (with external 
Crystal) or External Clock 

• Single-step Operation 

• Low-power RAM Retention Mode 

• Power-on Reset Capability (with External Capacitor) 

• Instruction Cycle: 1.25juis/12MHz (MBL8742H) and 2.5juis/6MHz 
(MBL8742N) 

• Instruction Set: 93 Instructions with 217 Instruction Codes 

• Single +5V Power Supply 

• Operating Temperature Range: 0°C to 70° C 




Ceramic DIP 
(DIP-40C-A04) 



Pin Assignment 




*These pins are internally pulled up. 



This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 



Portions reprinted by permission of Intel Corporation, Copyright© 1986 Intel Corporation. Compilation and additional materials Copyright© 1986 by Fujitsu Limited, Tokyo, Japan, and Fujitsu 
f/licroelectronics. Inc., Santa Clara, California, U.S.A. Fujitsu Limited is a licensee of Intel Corporation and authorized to produce alternate source products. 
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FEATURES (Cont) 

• N-channel Silicon-gate MOS Process 

• Standard 40-pin Ceramic DIP (Suffix— C) 

• Compatible with Intel 8742 

• Replaceable with MBL8041 A/42 and Intel 8041A/42 

BLOCK DIAGRAM 




[ZD 



C=> 



PORT 2 

^^ IN. ( I/O EXPANDER 

<r > ) CONNECTION 

^'^ '^ 1 FLAG OUTPUT 

l DMA TERMINAL 



PIN DESCRIPTIONS 



Pin No. 


Symbol 


Function 


40 


Vcc 


+5Vdc power supply input. 


26 


Vdd 


+5Vdc power supply input for internal RAM. 

This pin is also used as the power supply input when programming the EPROM. 


20 


Vss 


Ground terminal. 


1 


TO 


Input used for conditional branching. 


39 


T1 


This pin performs the following functions: 

• Event input pin for the event counter. 

• Conditional input pin for conditional branch. 
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PIN DESCRIPTIONS (Cont) 


Pin No. 


Symbol 


Function 


2 


XTAL1 


Input connection for external crystal. 

This pin can also be used as an input from an external clock source. 


3 


XTAL2 


Input connection for external crystal. 

(Note: The XTAL 1 and XTAL 2 input levels are not directly TTL compatible with a TTL clock source. 
An open-collector drive with an appropriate pullup is required to properly interface the two 
circuits.) 


4 


RESET 


Input that resets and initializes the MPU. 
(Note: This input level is not TTL compatible.) 


5 


SS 


Input used for single step operation. 


6 


CS 


Chip select input. 


7 


EA 


Input used for controlling program memory access. Holding EA high forces all program memory 
fetches to reference external memory. Useful for emulation and debug, and essential for testing 
and program verification. 


8 


RD 


Strobe that enables a read operation from data bus buffer or status register. 


9 


AO 


Address input to determine whether read/write data or read/write commands. 

AO = "L" indicates data read or write. 

AO = "H" indicates status read or command write. 


10 


WR 


Strobe that enables a write operation to data bus buffer register. 


11 


SYNC 


An output synchronized with the MBL8742 clock. This pin is used when a synchronization signal is 
required for external circuits. 


12-19 


D0-D7 


8-bit bidirectional I/O port used to interface the MBL8742 to the master processor. 


21-24 


P20-P23 


Lower 4 bits of the 8-bit quasi-bidirectional I/O port (Port 2). These pins function as an interface port 
with the I/O expander (MBL8243) when an expansion I/O is used to execute instructions. During 
single step operation the upper 3 bits of the program address are output on P20, P21, P22. 


35-38 


P24-P27 


Upper 4 bits of the 8-bit quasi-bidirectional I/O port (Port 2). These function as the flag output pins 
(P24 and P25) and DMA pins (P26 and P27) according to the executed instruction. 

P24: OBF (Output Data Buffer Register Full) output 

P25: IBF (Input Data Buffer Register Full) output 

P26: DRQ (DMA Request) output 

P27: DACK (DMA Acknowledge) input 


25 


PROG 


Strobe output signal when performing an expansion I/O instruction with an I/O expander such as 
the MBL8243. 

Used as a programming input when writing to the EPROM. 


27-34 


P10-P17 


8-bit Quasi-bidirectional I/O ports (Port 1). During single step operation, the next program fetch 
address (Lower 8 bits) is output from these pins. 
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FUNCTIONAL DESCRIPTION 



System Interface 

The data, command, and status interface between the master 
processor and the MBL8742 is provided by two Data Bus 
Buffer(DBB) registers and a status register. Selection logic for 
these registers is shown in Table 1; a simplified interface is 
shown in Figure 1. Referring to the interface drawing, note that 
the master processor can read data from the output buffer 
register and write data into the input buffer register. When the 
MBL8742 executes an "OUT DBB, A" instruction, data is 
written into the DBB and the Output Buffer Full (OBF) flag is 
set. When data is read from the DBB by the master processor, 
OBF is reset. If the master processor writes into DBB, the 
Input Buffer Full (IBF) flag is set and is reset when the 
MBDL8742 reads the data. Reading the status register is non- 
destructive and does not affect internal operation of the 
MBL8742. 



Table 1 


Selection Logic 




CS 


RD 


WR 


AO 


DESCRIPTION 








1 





Read DBB (Output) register. 








1 


1 


Read STS (Output) register 
(Status) 





1 








Write DBB (Input) register 
(Data). 





1 





1 


Write DBB (Input) register 
(Command). 


1 


X 


X 


X 


Invalid. 



Figure 1. Interface Between MBL8742 and Master Processor 



C 



MASTER 
PROCESSOR 



MBL8742 



^ 



DBB 
(INPUT) 



DBB 
(OUTPUT) 



ADDRESS 

CONTROL 

LOGIC 



I . 
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Program Status Word (PSW) 

As shown in the following diagram and associated text, the 
upper four bits of the PSW are used as flags to indicate MPU 
status. The lower three bits are used to select register pairs in 
the RAM stack when servicing a subroutine call or an interrupt. 
The flag bits (C, AC, Fq, and BS) are defined below; the stack 
pointer bits (SPq - SP2) are defined in the next paragraph. The 
remaining bit in the PSW is unused. 

7 6 5 4 3 2 10 



c 


AC 


Fo 


BS 


1 


SP2 SPi 


SPo 




Unused 
Bit 


■•—Stack Pointer — ^ 






y^ 





Flag Bits 

C (Carry): When an accumulator overflow occurs during an 
ALU operation, this bit is set to '1'. 

AC (Auxiliary Carry): When an accumulator overflow from 
bit 3 to bit 4 occurs during an addition, this bit is set to "1". 

Fq (User Flag): With the proper instruction, this flag can be 
user-designated; the Fq flag can also be checked from the 
MPU as bit 2 of the Status Register. 

BS (Bank Select): With the proper instruction, the BS flag 
indicates selection of a Register Bank. When set to "0", 
Register Bank is selected; when set to "1 ", Register Bank 1 
is selected. Refer to the RAM memory map that follows. 

Stack Register (8-Level Capability) 

The Stack Register has 16 bytes of memory area in the built-in 
RAM. The stack Register consists of eight levels, that is, a stack 
level consists of two bytes as shown in the following diagram. 



SP-3 

SP-2 

SP-1 

SP 

SP+1 



MSB 


LSB 






PC7-4 


PC3-0 


PSW7-4 


PG10-8 















A set of 2 bytes 

^ — This level will be 
used at the next sub- 
routine call or inter- 
rupt. Stack position 
SP = 00001 SP2SP1SP0 



RESIDENT DATA MEMORY MAP (RAM) 

Address 
(Hex) 



RAM 

Address 

SP (Stack Pointer): In the above figure, "SP" indicates an 
address of Stack Pointer to be used for the next 
sub-routine call or interrupt. "SP" is given as an 
8-bit code from the lower three bits of Status 
Register as follows: 
SP - 00001 SP2SP1SP0 

' I '^ Status Register Bits to 2. 

PCp (Program Counter): In the above figure, "PCp" indicates 
the content of the n-th bit in the Program Counter. 
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17 
18 
19 
1A 
IB 
1C 
ID 
IE 
IF 
20 
21 
22 



FD 
FE 
FF 



Rq Register 



Ri Register 1 



R2 Register 2 



R3 Register 3 



R4 Register 4 



R5 Registers 



Re Register 6 



R7 Register 7 



Register Bank 



Stack Register 
(16 Bytes) 
(8 Level Stack) 



PC. 



AC 



BS 



PCh 



Rq Register 



R-i Register 1 



R2 Register 2 



R3 Register 3 



R4 Register 4 



R5 Register 5 



Re Register 6 



R7 Register 7 



Register Bank 1 



Working Area (224 Bytes) 



0) -^ 

CC CO (D 
CO ^-J 

55 22- 
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Interrupt Processing 

There are two types of interrupt: IBF interrupt and Timer/ 
Counter interrupt. If an interrupt occurs when the system is in 
"interrupt enable" status, the interrupt flag isset as soon as the 
current instruction is completed and interrupt processing 
starts. 

First, the upper four bits of the Status Word and content of the 
Program Counter are stored in the stack. The program then 
jumps to address "3" in the case of an IBF interrupt and 
address "7" in the case of a Timer/Counter interrupt. 

After the interrupt has been processed by a user program and 
a RETR (Return and Restore Status) instruction has been 
executed, the Status Word and Program Counter contents 
stored in the stack are restored, the interrupt flag is reset, and 
the system is ready to accept the next interrupt request. 

A Timer/Counter interrupt request occurs when the 
Timer/Counter overflow flag is set due to Timer/Counter 
overflow. However, since the Timer/Counter interrupt request 
is masked by the IBF interrupt request, an IBF interrupt has 
first priority. 

The Timer/Counter interrupt is enabled after the IBF interrupt 
has been executed and the system is now ready to receive the 
next interrupt request. Operational and interrupt flowcharts 
are shown on the following page. 

PROGRAMMING AND VERIFYING THE EPROM 

The MBL8742 uses an internal 2K x 8 EPROM for program 
memory. A description of the pins used for programming and 
verifying operation of tlie EPROM are repeated here for user 
convenience. Procedural steps for programming and verifi- 
cation follow the pin functions. 

Pin Descriptions 



Symbol 


Function 


XTAL1 & 
XTAL2 


Input clock signal (1-to-3MHz) 




Initializes internal registers. 

Input address data to the data bus is inter- 


RESET 


nally latched on the rising edge of RESET. 


TO 


When TO is Low, program mode is selected. 
When TO is High, verify mode is selected. 


EA 


When 18-volts is applied to this pin, the 
program and verify modes are enabled. 


Bus (D7-D0) 


Lower 8-bits for address and data inputs in 
the program mode; data output in the verify 
mode. 


P22-P20 


Upper address inputs. 



Symbol 


Function 


Vdd 


+5-volt power supply. 


PROG 


Input programming pulses. 


AO&CS 


Clamp both of these inputs low. 



Programming Procedures 

step 1: Initialize circuits as follows. 

• Apply +5\/ to Vcc, Vdd. TO and EA pins. Let Bus (D7-D0) 
and PROG pins float. 



• Apply OV to RESET, AO, and CS pins. 

• Use internal oscillator or an external source to generate a 
1-to-3MHz clock. 



Step 2 
Step 3 
Step 4: 



Select program mode by setting TO to OV. 

Set EA to 18V to enable program or verify mode. 

Input address as follows. 

• Bus (D7-D0): 8 low-order bits 

• P22 to P20: 3 high-order bits 



Step 5: Set RESET to +5V to internally latch address inputs. 

Step 6: Input write data to bus. 

Step 7: Turn on programming power supply and set Vdd to 
21-volts. 

Step 8: Apply 0-volts to the PROG pin and then apply a 
programming pulse of 18-volts for 50-milliseconds. Again 
apply 0-volts to the pin and then let it float. 

Step 9: Turn off programming power supply (Vdd ^^^^ 21V 
to 5V) and let Bus (D7-D0) float. 

Step 10: Select verify mode by setting TO to 5V 

Step 11: Read and verify bus data. If data cannot be verified, 
repeat steps 2 through 10. 



Step 1 2: Set RESET to OV. If all desired addresses 
haven't been written yet, repeat steps 4 through 1 1 . 

Step 1 3: Set EA to 5V to terminate programming 
procedure. 

ERASING THE EPROM 

Data written into the EPROM can be erased by applying 
ultraviolet light rays with a wavelength of 2537 angstroms. With 
UV light source directly above the transparent lid at a distance 
of 2-to-3 centimeters. The time for complete erasure is 
between 15-and-20 minutes for most commercial lamps. The 
recommended amount of UV radiation is lOWsec/cm^; the 
luminous intensity on the package surface is designed to be 
approximately 12000uW/cm2. 

If the package surface is soiled by grease, adhesives, or other 
light inhibitors, the erasing time will increase. Before 
attempting to erase data, it is recommended that surfaces be 
cleaned with alcohol or some other detergent that will not 
damage the package. 
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OPERATIONAL FLOWCHART 



INTERRUPT FLOWCHART 





f POWER ON j 




i 




MRU 
INITIALIZE 




+ 




#000 — PC 






No 

1 ^ 


^*^ RESTART? ^^ 





INSTRUCTION 



HOLD PC, PSW 



INTERRUPT? 



RESTORE PC, PSW 




(INTERRUPT ^ 
OCCURENCE J 



MTERRUPT) 


_No^,„*<« 


INTERRUPT? 
•►O-* 


-^ 


INTERRUPT) 


#007— PC 


#003 — PC 




1 LU,^ 
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Table 2. Instruction Set Summary 



ACCUMULATOR INSTRUCTIONS 





Mnemonic 


OP 
code 


Byte 


Cycle 


Flag 




Operation 


C 


AC 


Remarks 


Add register to A 


ADD A, Rr 


6X3 






• 2 


*2 


(A) - (A) -H (Rr) 


Add data memory to A 


ADD A, @R0 


60 






*2 


*2 


(A) - (A) + ((RO)) 




ADD A, @R1 


61 






• 2 


• 2 


(A)-(A) + ((R1)) 


Add immediate to A 


ADD A, #data 


03 


2 


2 


*1 


• 2 


(A) *- (A) + data 


Add register to A with Carry 


ADDC A, Rr 


7X3 






*1 


• 2 


(A) - (A) + (Rr) + (C) 


Add data memory to A with Carry 


ADDC A, @R0 


70 






• 1 


*2 


(A) - (A) + ((RO)) -H (C) 




ADDC A, @R1 


71 






• 1 


• 2 


(A) - (A) + ((RD) MC) 


Add immediate to A with Carry 


ADDC A, #data 


13 


2 


2 


• 1 


• 2 


(A) *- (A) + data + (C) 


AND register to A 


ANLA, Rr 


5X3 






- 


- 


(A) — (A) AND (Rr) 


AND data memory to A 


ANL A, @R0 


50 






- 


- 


(A) - (A) AND ((RO)) 




ANLA, @R1 


51 






- 


- 


(A)-(A)AND((R1)) 


AND immediate to A 


ANL A, #data 


53 


2 


2 


- 


- 


(A) — (A) AND data 


OR register to A 


ORLA. Rr 


4X3 






- 


- 


(A) - (A) OR (Rr) 


OR data memory to A 


ORL A, @R0 


40 






- 


- 


(A) - (A) OR ((RO)) 




ORL A, @R1 


41 






- 


- 


(A)-(A)OR((R1)) 


OR immediate to A 


ORL A, #data 


43 


2 


2 


- 


- 


(A) *- (A) OR data 


Exclusive OR register to A 


XRL A, Rr 


DX3 






- 


- 


(A) ^ (A) XOR (Rr) 


Exclusive OR data memory to A 


XRL A, @R0 


DO 






- 


- 


(A) - (A) XOR ((RO)) 




XRL A. @R1 


D1 






- 


- 


(A)-(A)XOR((R1)) 


Exclusive OR immediate to A 


XRL A, #data 


D3 


2 


2 


- 


- 


(A) — (A) XOR data 


Increment A 


INC A 


17 






- 


- 


(A) - (A) + 1 


Decrement A 


DEC A 


07 






- 


- 


(A) - (A) - 1 


Clear A 


CLRA 


27 






- 


- 


(A)-0 


Complement A 


CPLA 


37 






- 


- 


(A) - (A) 


Decimal Adjust A 


DA A 


57 






• 


- 


Note 2 


Swap digits of A 


SWAP A 
RLA 


47 
E7 






- 


- 


(A7-4) ^ (A3-0) 


Rotate A Left 


7 

HII+HII^ 


Rotate A Left through Carry 


RLCA 


F7 






*1 


- 


C 7 


MWIimilkJ 


Rotate A Right 


RRA 


77 






- 


- 


7 


MllWIIH 


Rotate A Right through Carry 


RRCA 


67 






• 1 


- 


7 




HHII+HIIH 



INPUT/OUTPUT INSTRUCTIONS 



Input port to A 


IN A, PI 


09 


1 


1 

2 


- 


- 


(A) -(PI) 




IN A, P2 


OA 


1 


2 


- 


- 


(A) - (P2) 


Output A to port 


0UTLP1,A 


39 


1 


2 


- 


- 


(PI) -(A) 




OUTL P2, A 


3A 


1 


2 


- 


- 


(P2) - (A) 


AND immediate to port 


ANLP1,#data 


99 


2 


2 


- 


- 


(PI)*- (PI) AND data 




ANL P2, #data 


9A 


2 


2 


- 


- 


(P2) — (P2) AND data 


OR immediate to port 


0RLP1,#data 


89 


2 


2 


- 


- 


(PI) — (PI) OR data 




ORL P2, #data 


8A 


2 


2 


- 


- 


(P2) *- (P2) OR data 


Input DBB to A, clear IBF 


IN A, DBB 


22 


1 


1 


- 


- 


(A) — (DBB), (IBF) — 


Output A to DBB, set OBF 


OUT DBB, A 


02 


1 


1 


- 


- 


(DBB) — (A), (OBF) — 1 


A7-4 to bits 7-4 of Status 


MOV STS, A 

1 1 


90 

1 1 


1 

1 1 


1 

1 


- 


1 


(STS7-4) — (A7-A4) 

1 — 
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INPUT/OUTPUT INSTRUCTIONS (Continued) 





Mnemonic 


OP 
code 


Byte 


Cycle 


Flag 




Operation 


C 


AC 


Remarks 


Input Expander port to A 

Output A to Expander port 
AND A to Expander port 
OR A to Expander port 


MOVDA,Pp 

MOVD Pp, A 
ANLD Pp, A 
ORLD Pp, A 


OX4 

3X4 
9X4 
8X4 


1 

1 
1 

1 


2 

2 
2 
2 


- 


- 


(A3-0) - (Pp), 
(A7-4) — 

(Pp) - (A3-0) 

(Pp) — (Pp) AND (A3-0) 

(Pp) - (Pp) OR (A3-0) 



DATA MOVE INSTRUCTIONS 



Move register to A 


MOV A, Rr 


FX3 


1 


1 


- 


- 


(A) - (Rr) 


Move data memory to A 


MOV A, (SRO 


FO 


1 


1 


- 


- 


(A) - ((RO)) 




MOV A, @R1 


F1 


1 


1 


- 


- 


(A)-((R1)) 


Move immediate to A 


MOV A, #data 


23 


2 


2 


- 


- 


(A) ^ data 


Move A tp register 


MOV Rr, A 


AX3 


1 


1 


- 


- 


(Rr) - (A) 


Move A to data memory 


MOV @R0, A 


AO 


1 


1 


- 


- 


((RO)) - (A) 




MOV@R1,A 


A1 


1 


1 


- 




((R1))-(A) 


Move immediate to register 


MOV Rr, #data 


BX3 


2 


2 


- 




(Rr) *- data 


Move immediate to data memory 


MOV (©RO, #data 


BO 


2 


2 


- 


- 


((RO)) — data 




MOV(aR1,#data 


B1 


2 


2 


- 


- 


((R1)) — data 


Move PSW to A 


MOV A, PSW 


07 






- 


- 


(A) - (PSW) 


Move A to PSW 


MOV PSW, A 


D7 






*1 


• 1 


(PSW) - (A) 


Exciiange A and register 


XCH A, Rr 


2X3 






- 


- 


(A) ^ (Rr) 


Exchange A and data memory 


XCH A, @R0 


20 






- 


- 


(A)^((RO.)) 




XCH A, @R1 


21 






- 


- 


(A)^ ((R1)) 


Exctiange digit of A and data memory 


XCHD A, @R0 


30 






- 


- 


(A3-0) ^ ((R0)3-0) 




XCHD A, @R1 


31 






- 


- 


(A3-0)^ ((R1)3-0) 


Move to A from current page 


MOVP A, @A 


A3 




2 


- 


- 


(A) *- ((A)) within page 


Move to A from Page 3 


MOVP3A, @A 


E3 




2 


- 


- 


(A) ^ ((A)) within page 3 


TIMER/COUNTER INSTRUCTIONS 


Read Timer/Counter 


MOVA,T 


42 






- 


- 


(A) - (T) 


Load Timer/Counter 


MOV T, A 


62 






- 


- 


(T) - (A) 


Start Timer 


STRTT 


55 






- 


- 




Start Counter 


STRT CNT 


45 






- 


- 




Stop Timer/Counter 


STOP TCNT 


65 






- 


- 




Enable Tinker/Counter Interrupt 


EN TCNTI 


25 






- 


- 




Disable Timer/Counter Interrupt 


DIS TCNTI 


35 






- 


- 




CONTROL INSTRUCTIONS 


Enable DMA Handshake Lines 


EN DMA 


E5 






- 


- 




Enable IBF Interrupt 


ENI 


05 






- 


- 




Disable IBF Interrupt 


DISI 


15 






- 


- 




Enable Master Interrupts 


EN FLAGS 


F5 






- 


- 




Select register bank 


SEL RBO 


05 






- 


- 


(BS) - 


Select register bank 1 


SELRB1 


D5 






- 


- 


(BS)-1 


No Operation 


NOP 


00 






- 


- 




REGISTER INSTRUCTIONS 


Increment register 


INCRr 


1X3 


1 


1 


- 




(Rr) - (Rr) + 1 


Increment data memory 


INC @m 


10 


1 


1 


- 




((RO)) - ((RO)) H- 1 




INC (SR1 


11 


1 


1 


- 


- 


((R1))-((R1)) + 1 


Decrement register 


DEC Rr 


CX3 


1 


1 


- 


- 


(Rr)-(Rr)-1 
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SUBROUTINE INSTRUCTIONS 







OP 






Flag 




Operation 


Mnemonic 


code 


Byte 


Cycle 


C 


AC 


Remarks 


Jump to Subroutine 


CALL addr 


%45 


2 


2 


- 


- 


Note 6 


Return 


RET 


83 


1 


2 


- 


- 


Note? 


Return and restore status 


RETR 


93 


1 


2 


*i 


*i 


Notes 



FLAGS INSTRUCTIONS 



Clear Carry 


CLRC 


97 






Zi 


- 


(O-o 


Complement Carry 


CPLC 


A7 






CP1 




(C) - (C) 


Clear Flag 


CLRFO 


85 






- 


- 


(FO)-O 


Complement Flag 


CPLFO 


95 






- 


- 


(FO) - (FO) 


Clear Flag 1 


CLRF1 


A5 






- 


- 


(F1)-0 


Complement Flag 1 


CPL F1 


85 






- 


- 


(F1)-(F1) 



BRANCH INSTRUCTIONS 



Jump unconditional 
Jump indirect 


JMPaddr 
JMPP @A 


%45 

B3 


2 

1 


2 
2 


- 


- 


Unconditional Branch 
Unconditional Branch 
(Note 9) 


Decrement register and jump 


DJNZ Rr, addr 


EX3 


2 


2 


- 


- 


(Rr) ^ (Note 10) 


Jump on Carry = 1 
Jump on Carry = 
Jump on A Zero 
Jump on A not Zero 


JC addr 
JNC addr 
JZ addr 
JNZ addr 


F6 
E6 
C6 
96 


2 
2 
2 
2 


2 
2 
2 
2 


- 


- 


(C) = 1 
(C) = 
(A) = 
(A)#0 


Jump on TO = 1 
Jump on TO = 


JTOaddr 
JNTO addr 


36 
26 


2 
2 


2 
2 


- 


_ 


(TO) = H 
(TO) = L 


Jump on T1 = 1 
Jump on T1 =0 


JT1 addr 
JNT1 addr 


56 
46 


2 
2 


2 
2 


- 


- 


(T1) = H 
(T1) = L 


Jump on FO = 1 
Jump on F1 = 1 


JFO addr 
JF1 addr 


B6 
76 


2 
2 


2 
2 


_ 


_ 


(FO) = 1 
(F1)-1 


Jump on Timer Flag = 1, Clear Flag 
Jump on IBF Flag = 
Jump on DBF Flag = 1 
Jump on Accumulator Bit 


JTF addr 
JNIBFaddr 
JOBFaddr 
JBb addr 


16 
D6 
86 

%25 


2 
2 
2 
2 


2 
2 
2 
2 


- 


- 


(TF) - 1 
(IBF)=0 
(DBF) = 1 
(Ab) = 1 



Notes 








1. 


Flag status 


5. 


Refer to Table 5. 




* = Set or reset flag bit to the state it was in 


6. 


CALL addr 




before instruction execution. 




((SP)) - (PC), (PSW7-4) 




Z = Reset flag bit. 




(SP) *- (SP) + 1 




CP = Complement flag bit. 




(PC10-8) ^ Ah 


2. 

3. 
4. 


The accumulator value is adjusted to form 
BCD digits following the binary addition of 
BCD numbers. 
Refer to Table 3. 
Refer to Table 4. 


7. 


(PC7-0) ^ A|_ 

RET 

(SP) ^ (SP) - 1 

(PC) - ((SP)) 



RETR 

(SP) *- (SP) - 1 

(PC)-((SP)) 

(PSW7-4) ^ ((SP)) 

JMPP @A 

(PC7-0) *- ((A)) 

DJNZ Rr, addr 

(Rr)*-(Rr)-1 

if (Rr)^0(PC7-0)*-addr 

if (Rr) = Execute next instruction 
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Table 3. OP Code for Register Access 



Rr 


RO 


R1 


R2 


R3 


R4 


R5 


R6 


R7 


Mnemonic 


















ADD A, Rr 


68 


69 


6A 


6B 


60 


6D 


6E 


6F 


ADDC A, Rr 


78 


79 


7A 


7B 


70 


7D 


7E 


7F 


ANL A, Rr 


58 


59 


5A 


5B 


50 


5D 


5E 


5F 


DECRr 


08 


09 


OA 


OB 


00 


OD 


OE 


OF 


DJNZ Rr, addr 


E8 


E9 


EA 


EB 


EO 


ED 


EE 


EF 


INCRr 


18 


19 


1A 


IB 


10 


1D 


IE 


IF 


MOV A, Rr 


F8 


F9 


FA 


FB 


FO 


FD 


FE 


FF 


MOV Rr, A 


A8 


A9 


AA 


AB 


AO 


AD 


AE 


AF 


MOV Rr, #data 


B8 


B9 


BA 


BB 


BO 


BD 


BE 


BF 


ORLA.Rr 


48 


49 


4A 


4B 


40 


4D 


4E 


4F 


XCH A, Rr 


28 


29 


2A 


2B 


20 


2D 


2E 


2F 


XRL A, Rr 


D8 


D9 


DA 


DB 


DO 


DD 


DE 


DF 



7 6 5 4 3 2 10 













r2 


r1 


rO 



Bit 



Table 4. OP Codes for Expander Port Access 



Rr 


P4 


P5 


P6 


P7 


Mnemonic 










ANLD Pp, A 


90 


9D 


9E 


9F 


MOVD A, Pp 


OO 


OD 


OE 


OF 


MOVD Pp, A 


30 


3D 


3E 


3F 


ORLD Pp. A 


80 


8D 


8E 


8F 



Bit 



7 6 5 4 3 2 10 















p1 


PO 
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Table 5. OP Codes for JMP, CALL, and JBb 

First Byte Second Byte 

Bit 76543210 Bit 76543210 



JMP 



Ah 








1 









Bit 76543210 Bit 76543210 



OALL 



Ah 


1 





1 









Bit 76543210 Bit 76543210 



JBb 



Bb 


1 








1 






Al 



Ah = Address A^o. Ag, As Al = Address Ay to Aq Bb = b^h bit of accumulator 
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INSTRUCTION CODES 



H \ 





1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 





NOP 




OUT 
DBB.A 


1 
ADD 

A, # 


JMP 
Oxx 


EN 
1 




DEC 
A 




f 

IN 
A, PI 


IN 
A, P2 




f 
MOVD 
A, P4 


MOVD 
A, P5 


f 
MOVD 
A, P6 


f 
MOVD 
A, P7 


1 


INC 

@R0 


INC 
@R1 


1 
JBO 
addr 


1 
ADDC 

A, # 


CALL 
Oxx 


DIS 


JTF 
addr 


INC 
A 


INC 
RO 


INC 
R1 


INC 
R2 


INC 
R3 


INC 
R4 


INC 
R5 


INC 
R6 


INC 
R7 


2 


XCH 

A, @R0 


XCH 

A, @R1 


IN 
A, DBB 


MOV 

A, # 


1 
JMP 

1 XX 


EN 
TCNTI 


1 
JNTO 
addr 


CLR 
A 


XCH 
A, RO 


XCH 
A, R1 


XCH 
A, R2 


XCH 
A, R3 


XCH 
A, R4 


XCH 
A, R5 


XCH 
A, R6 


XCH 
A, R7 


3 


XCHD 
A, @R0 


XCHD 
A, @R1 


1 
JB1 
addr 




1 
CALL 

1 X X 


DIS 
TCNTI 


J TO 
addr 


CPL 
A 




r 

OUTL 
PI, A 


r 

OUTL 
P2, A 




r 

MOVD 
P4, A 


r 

MOVD 
P5, A 


r 

MOVD 
P6, A 


r 

MOVD 
P7 A 


4 


ORL 
A, @R0 


ORL 
A, @R1 


MOV 
A, T 

J 


ORL 
A, # 


1 
JMP 
2xx 


STRT 
CNT 


JNT1 
addr 


SWAP 
A 


ORL 
A, RO 


ORL 
A, R1 


ORL 
A, R2 


ORL 
A, R3 


ORL 
A, R4 


ORL 
A, R5 


ORL 
A, R6 


ORL 
A, R7 


5 


ANL 
A, @R0 


ANL 
A, @R1 


addr 


1 
ANL 
A, # 


1 
CALL 
2xx 


STRT 

T 


1 
JT1 
addr 


DA 
A 


ANL 
A, RO 


ANL 
A, R1 


ANL 
A, R2 


ANL 
A, R3 


ANL 
A, R4 


ANL 
A, R5 


ANL 
A, R6 


ANL 
A, R7 


6 


ADD 

A, @R0 


ADD 
A, @R1 


MOV 
T, A 




JMP 
3xx 

J 


STOP 
TCNT 




RRC 
A 


ADD 
A, RO 


ADD 
A, R1 


ADD 
A, R2 


ADD 

A, R3 


ADD 
A, R4 


ADD 
A, R5 


ADD 
A, R6 


ADD 
A, R7 


7 


ADDC 
A, @R0 


ADDC 
A, @R1 


JB3 
addr 




CALL 
3xx 




JF1 
addr 


RR 
A 


ADDC 
A, RO 


ADDC 
A, R1 


ADDC 
A, R2 


ADDC 
A, R3 


ADDC 
A, R4 


ADDC 
A, R5 


ADDC 
A, R6 


ADDC 
A, R7 


8 








r 

RET 


JMP 
4xx 


CLR 
FO 


JOBF 
addr 






ORL 

PI, # 


ORL 

P2, # 




r 

ORLD 
P4, A 


ORLD 
P5, A 


r 

ORLD 
P6, A 


f 
ORLD 
P7, A 


9 


MOV 
STS, A 




JB4 
addr 


RETR 


1 
CALL 
4xx 


CPL 
FO 


JNZ 

addr 


CLR 
C 




ANL 

PI, # 


1 
ANL 
P2, # 




r 

ANLD 
P4, A 


r 

ANLD 
P5, A 


r 

ANLD 
P6, A 


r 

ANLD 
P7A 


A 


MOV 
@R0, A 


MOV 
@R1,A 




f 
MOVP 
A, @A 


JMP 
5xx 


CLR 
F1 




CPL 
C 


MOV 
RO, A 


MOV 
R1, A 


MOV 
R2, A 


MOV 
R3, A 


MOV 
R4,A 


MOV 
R5, A 


MOV 
R6, A 


MOV 
R7A 


B 


MOV 

@R0, # 


MOV 
@R1, # 


JB5 
addr 


JMPP 
@A 


CALL 
5xx 


CPL 
F1 


JFO 
addr 




MOV 
RO, # 


MOV 

R1,# 


1 
MOV 
R2, # 


MOV 

R3, # 


MOV 
R4, # 


MOV 

R5, # 


MOV 
R6, # 


MOV 

R7, # 


C 










JMP 
6xx 


SEL 
RBO 


JZ 
addr 


MOV 
A,PSW 


DEC 
RO 


DEC 

R1 


DEC 
R2 


DEC 
R3 


DEC 
R4 


DEC 
R5 


DEC 
R6 


DEC 

R7 


D 


XRL 
A, @R0 


XRL 
A, @R1 


JB6 
addr 


XRL 

A, # 


CALL 
6xx 


SEL 
RB1 


JNIBF 
addr 


MOV 
PSW, A 


XRL 
A, RO 


XRL 
A, R1 


XRL 
A, R2 


XRL 
A, R3 


XRL 
A, R4 


XRL 
A, R5 


XRL 
A, R6 


XRL 
A, R7 


E 








r 

MOVP3 
A.@A 


JMP 
7xx 


EN 
DMA 


1 
JNC 
addr 


RL 
A 


DJNZ 
RO, addr 


DJNZ 
R1,addr 


DJNZ 
R2, addr 


DJNZ 
R3, addr 


DJNZ 
R4,addr 


DJNZ 
R5, addr 


1 
DJNZ 
R6, addr 


'I 
DJNZ 
R7, addr 


F 


MOV 
A, @R0 


MOV 
A, @R1 


JB7 
addr 




CALL 
7xx 


EN 
FLAGS 


addr 


RLC 
A 


MOV 
A, RO 


MOV 
A, R1 


MOV 
A, R2 


MOV 
A, R3 


MOV 
A, R4 


MOV 
A, R5 


MOV 
A, R6 


MOV 
A, R7 



Legend: 

# = Immediate data 

= 1 Byte, 1 Cycle Instruction 

[ =1 Byte, 2 Cycle Instruction 

^ = 2 Byte, 2 Cycle Instruction 
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ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 



Parameter 


Symbol 


Value 


Unit 


Supply Voltage 


Vco 

Vdd 


-0.3 to +7.0 


V 


Input Voltage 


V|N 


-0.3 to +7.0 


V 


Ambient Operating 
Temperature 


Ta 


to +70 


°c 


Storage Temperature 


"•"stg 


-55 to +150 


°c 


Power Dissipation 


Pd 


1.5 


w 



Note: 

Permanent device damage may occur if the above ABSOLUTE MAXIi\/IUM 
RATINGS are exceeded. Functional operation should be restricted to the 



Recommended Operating Conditions 






Parameter 


Symbol 


Value 


Unit 


Min 


lyp 


Max 


Supply Voltage 


Vcc. 
Vdd 


4.5 


5.0 


5.5 


V 


Vss 









V 


Operating 
Temperature 


Ta 





1 


+70 


°c 



conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 



DC Characteristics 

Ta = 0°C to +70°C, Vqc = Vqd " 5.0V ± 10%, Vgs = OV 



Parameter 


Symbol 


Test Conditions 


Value 


Unit 


Min 


Max 


Vdd Supply Current 


'dd 






20 


mA 


Supply Current 


Ice + 'dd 






150 


mA 


Input Low Voltage 




V|L 




-0.3 


0.8 


V 


All except XTAL1. 2, RESET 




V|L1 




-0.3 


0.6 


V 


XTAL1,2, RESET 


Input High Voltage 




V,H 




2.0 


Vcc 


V 


All except XTAL1, 2, RESET 




V|H1 




3.8 


Vcc 


V 


XTAL1,2, RESET 


Output Low Voltage 


Do to D7 


Vol 


Iql = 2.0mA 




0.45 


V 


P10 to PI 7, P20 to P27, SYNC 


V0L1 


loL = 1-6mA 




0.45 


V 


PROG 


V0L2 


loL = 1.0mA 




0.45 


V 


Output High voltage 


Do to D7 


Vqh 


loH = -400/iA 


2.4 




V 


All other outputs 


V0H1 


loH = -50//A 


2.4 




V 


Input Leakage Current 


To, T-,,RD,WR,CS, AO, EA 


l|L 


Vss<V,N<Vcc 




±10 


M 


Output Leakage Current 


Do to D7 (High-impedance) 


loL 


Vss + 0.45V < 
V,N<Vcc 




±10 


M 


Input Low Current 


P10toP17;P20toP27 


Ili 


V|L = 0.8V 




0.5 


mA 




Ilii 


V,L = 0.8V 




0.2 


mA 


RESET, SS 
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AC Characteristics (DBB Read Operation) 

(Ta = O'Cto +70*C, Vcc = Vdd = 5.0V ±10%, Vss = OV) 







Symbol 


Test Conditions 


Value 


Unit 


Parameter 


Min 


Max 


CS, AO Setup Time (to RD i ) 


Ur 









ns 


CS. AO Hold Time (to~RD t ) 


tRA 









ns 


RD Pulse Width 


^RR 




160 




ns 


Data Delay Time (from CS, AO) 


Ud 


Cl = 150pF 




130 


ns 


Data Delay Time (from RDJ, ) 


tRD 


Cl = 150pF 




130 


ns 


Data Floating Time (from RD t ) 


tDF 






85 


ns 


Cycle Time 


MBL8742N 


tCY 


6MHz (N-version) 


2.5 


15.0 


fiS 


MBL8742H 


12MHz (H-version) 


1.25 


15.0 


fJS 



Timing Diagram for Data Bus Buffer (DBB) Read Operation: 















CS.An 


> 


c .a 

C 7 


K 






(ADDRESS) 


'—I 




tRR ► 


-*— tRA-»- 




Dn-D, 


i 

'm 1/ 


^ 


7^ 


?^ 


~\ 


-^tRD-^ 




^ tDF *- 


>- 


y 


VALID OUTPUT DATA 


(OUTPUT) 


S 
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AC Characteristics (DBB Write Operation) 

(Ta = O'CtO +70°C, Vcc = Vdd = 5.0V +10%,Vss = OV) 



Parameter 


Symbol 


Test Conditions 


Value 


Unit 


Min 


Max 


CS.AO Setup Time (to WRi) 


tAW 









ns 


CS, AO Hold Time (from WR T ) 


tWA 









ns 


WR Pulse Width 


tww 




160 




ns 


Data Setup Time (to WR t ) 


tow 




130 




ns 


Data Hold Time (from WR t ) 


twD 









ns 



Timing Diagram for Data Bus Buffer (DBB) Write Operation: 





(ADDRESS) 


>? 




X 




<-tAW-^| 




l^twA-l 


WR 


^ 


^^ :>' 


?^ 


""^ 






■< tow ►[ 


^r 


WD 


(OUTPL 


> 


VALID INPUT DATA J> 


< 















4-178 



FUJITSU 

IH^^^^^^^^^^ MBL8742H/N 



AC Characteristics (Operation with I/O Expander) 

(Ta = 0°CtO +70°C, Vcc = Vdd = 5.0V ±10%,Vss = OV) 



Parameter 


Symbol 


MBL8742N 


MBL8742H 


Unit 


Min 


Max 


Min 


Max 


Port Control Setup Time (to PROG i) 


tcp 


100 




110 




ns 


Port Control Hold Time (from PROG i) 


tpc 


60 




100 




ns 


Input Data Delay Time (from PROG i) 


tpR 




650 




810 


ns 


Input Data Hold Time (from PROG t ) 


tpF 





150 





150 


ns 


Output Data Setup Time (to PROG t ) 


top 


200 




250 




ns 


Output Data Hold Time (from PROG t ) 


tpD 


20 




65 




ns 


PROG Pulse Width 


tpp 


700 




1200 




ns 



Timing Diagram for Port 2 (lower 4 bits) Operation in Connection With I/O Expander: 



/■ 



X 



X 



OUTPUT I/O DATA 



K 



INPUT '/O DATA 



(CONNECTED WITH I/O EXPANDER) 



PORT CONTROL 



K 



X 



PORT CONTROL 



- *cp *T* ^PC-*' 



X 



- top H'*" 'pD ~ 



OUTPUT DATA 



1^ INPUT STATE ^ INPUT DATA ^ 



X 



INPUT STATE 



K 
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AC Characteristics (DI\/IA Operation) 

(Ta = ox to +70"'C, Vcc = Vdd = 5.0V ±10%,VsS = OV) 



Parameter 


Symbol 


Test Conditions 


Value 


Unit 


Min 


Max 


DACK Setup Time (to RD i , WR i ) 


Ucc 









ns 


DACK Hold Time (from RD f , WR t ) 


tCAC 









ns 


Input Data Delay Time (from DACK i) 


UCD 


Cl = 150pF 




130 


ns 


DRQ Clear Time (from RD i , WR i ) 


tCRQ 






100 


ns 



Timing Diagram for DMA Operation: 



DACK \ 


'^ 




-^ 


i. ^ 


\_ 


— 




-^' 


RD ■ 


tACC 


S / 






















»ACC 


\ / 


-*«CAC*- 




DB0-DB7 




"> 


c . ^ 




JCj 


. X 














\ 






^ 










— •► 


-^ tcRQ 


- 




^ 







TEST CONDITIONS 

V,L = 0.8V (All except XTAL1, 2, RESET) 
= 0.6V (XTAL1, 2, RESET) 



V|H = 2.0V (All except XTAL1, 2, RESET) 
= 3.8V (XTAL1, 2, RESET) 

Oscillation Circuits 



Vol = 0.45V 

VoH = 2.4V 

OUTPUT LOAD 

DO to D7: C|_ = 150pF 

All other outputs: Cl = 80pF 



Crystal Oscillator 



20pF* 



r-r 



J, 

1 



1 



External 
Clock* 



External Clock Drive 

5V 
470X1 




'Including stray capacitances 



*Both high and low tinnes should be more than 
35% of the cycle time, and the rise and fall 
times should be less than 20 ns. 
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ELECTRICAL CHARACTERISTICS FOR PROGRAMMING 
DC Characteristics^'^ 

(Ta = 25"C tS-C, Vcc = 5V ±5%, Vqd = 21 ±0.5Vor5V ±5%) 



Parameter 


Symbol 


Value 


Unit 


Min 


Max 


Vdd Program Voltage High Levef 


Vddh 


20.5 


21.5 


V 


Vdd Program Voltage Low Level 


Vddl 


4.75 


5.25 


PROG Program Voltage Higii Level 


VPH 


17.5 


18.5 


V 


PROG Program Voltage Low Level 


VPL 


— 


0.2 


EA Program/Verify Voltage High Level 


Veah 


17.5 


18.5 


V 


EA Program/Verify Voltage Low Level 


Veal 


— 


5.25 


Vdd High Voltage Supply Current 


•dd 


— 


30.0 


mA 


PROG High Voltage Supply Current 


'prog 


— 


16.0 


EA High Voltage Supply Current 


Iea 


- 


1.0 



1 . High Level Voltage (Vddh. Vrh) should not be applied to Vqd and PROG pins unless Vcc = 5V ±5% and EA = 18V ±0.5V. 
2- Vqo- prog, and EA should not exceed the above specified range, including overshoot and undershoot. 



AC Characteristics 

(Ta = 25»C IS-C, Vcc = 5V ±5%.Vdd = 21 ±1.0Vor5V ±5%) 



Parameter 


Symbol 


Value 


Unit 


Min 


Max 




W 


4'tcY 


— 




Address setup time (before RESET T ) 




twA 


4-tcY 


— 




Address hold time (after RESET T ) 




bw 


4-tcY 


— 




Input data setup time (before PROG t ) 




two 


4-tcY 


— 




Input data hold time (after PROG I ) 


RESET hold time (after EAi) 


tpH 


4-tcY 


— 




Vdd setup time (before PROG t ) 


Wddw 


4-tcY 


— 




Vdd hold time (before PROG i ) 


tvDDH 





— 




Program pulse width 


tpw 


50 


60 


ms 


TO setup time (before RESET t ) 


tjw 


4-tcY 


— 




TO hold time (after Vdd 4) 


twT 


4-tcY 


— 




Data output delay time (after TO t ) 


too 


— 


4-tcY 




RESET pulse width (to Latch Address) 


tww 


4.tcY 


— 




Vdd and PROG rise/fall time 


tr/tf 


0.5 


2.0 


//s 


MPU cycle time 


tcY 


5.0 


— 


fJS 




tpE 


4.tcY 


— 




RESET setup time (before EA T ) 




tEA 


10 


, — 


ms 


EA setup time (before RESET T ) 
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Timing Diagram for Programming/Verify Mode: 



f 



j^ 



< 



ADDR (LOW ORDER) / 



X 



21V 
Vdd 5V 



- PROGRAM MODE - 



J^ 




>■ 



-* VERIFY MODE ^ 



ADDRESS (HIGH ORDER) 



/ 




t 



\ 



-a 



-« PROGRAM MODE - 



\ Jf 



OUTPUT DATA] 



) (NE>TADORy ~ 

jC NEXT ADDR 



zzz3.::::::::^ 



PACKAGE DIMENSIONS 



R.050 
(1.27) 
REF^ 



INDEX 
AREA 



5 



-.060(1.52)MAX 



40-Lead Ceramic (Metal Seal) 

Dual In-Line Package 

(Case No.: DIP-40C-A04) 




2.020(51.31) 




■036(0.91) 
.044(1.12) 



.015(0.38) 



1.900(48.26)REF 
© 1986 FUJITSU LIMITED D40014S-1C 



.580(14.74) 

.600(15.24) 

.590(14.99) 
.610(15.49) 



A 




210(5.33)MAX 



.120(3.05) 
.150(3.81) 



.040(1.02) 
.060(1 .53) 
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FUJITSU 



MB8868A 

MOS Universal Asynchronous 
Receiver/Transmitter (UART) 



October1986 
Edition 2.0 




Description 



Features 



The Fujitsu MB8868/A is a programnnable Universal 
Asynchronous Receiver/Transmitter (UART), fabricated with an 
N-channel silicon gate MOS technology. All control pins, input 
pins and output pins are TTL compatible. The UART interfaces 
asynchronous serial data channels from terminals or other 
peripherals to the parallel data of a microprocessor, computer, 
or other terminal. Parallel data is converted by the transmitter 
section of the UART into a serial word consisting of the data as 
well as start, parity, and stop bit(s). Serial data is converted by 
the receiver section of the UART into parallel data. The receiver 
section verifies correct code transmission by parity checking and 
active reception of a valid stop bit. The UART can be programmed to 
accept word lengths of 5, 6, 7, or 8 bits. Even or odd parity can be 
set. Parity generation and checking can be inhibited. 

One, one and one-half, or two stop bits can be set when 
transmitting a 5-bit code. 



I Full or Half Duplex 

Operation 

Completely Programmable 
I Start Bit Generated 

Automatically 
I Data and Clock 

Synchronization Performed 

Automatically 
I Data Received/Transmitted 

Status Automatically 

Generated 



I Complete Static Circuity 
I TTL Compatible I/O 
I Three-State Output 

Capability 
I Single Power Supply: +5V 
I Standard 40-Pin Dual In- 

Line Package 
I Functionally Compatible 

with Western Digital TR1863 

and AMI S1602 
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MB8868A Block Diagram 

Vcc 



33 32 31 30 29 28 27 

TRe TR7 TRe TR5 TR4 TR3 TR2 TRi 




Capacitance 

(TA = 25''C,f=1MHz,V|N = 0V) 


Parameter 


Symbol 


Value 








TVP. 


Max. 


Unit 




Input Capacitance for all inputs 


C|N 


10 


— 


PF 
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Pin Assignment 



VccC 


1 ^ 


^ 40 


ZITRC 


*N.C.|Z 


2 


39 


ZIEPE 


vssc: 


3 


38 


ZlWLSi 


rrdC 


4 


37 


Z1WLS2 


RRrC= 


5 


36 


ZISBS 


RR/CI 


6 


35 


Dpi 


RRfiC: 


7 


34 


ZlCRL 


RR5l= 


8 


33 


=ITR„ 


RR4C 


9 


32 


-Jtr7 


RR3III 


10 


31 


IlTRe 


RR2IZ 


11 


30 


=]TR5 


RRiC 


12 


29 


ZITR4 


PEC 


13 


28 


ZITR3 


FEC 


14 


27 


ZITR2 


OEC 


15 


26 


I]TRi 


SFDtZ 


16 


25 


ZITRO 


RRCC 


17 


24 


ZlTRE 


DRRC 


18 


23 


Hthrl 


DRIZ 


19 


22 


Dthre 


Rid 


20 


21 


ZlMR 



*N.C. (no connection) 



Absolute Maximum 
Ratings (See Note) 



Rating 


Symbol 


Value 


Unit 


Vcc Pin Potential to Vss Pin 


Vcc 


-0.3 to +7.0 


Vdc 


Input Voltage 


V,N 


-0.3 to +7.0 


Vdc 


Output Voltage 


Vo 


-0.3 to +70 


Vdc 


Operating Temperature 


"•"op 


to +70 


^C 


Storate Temperature 


Tstg 


-55 to +150 


°C 



Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional 
operation should be restricted to the conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. This 
device contains circuitry to protect the inputs against damage due to high static voltages or electric fields. It 
is advised that normal precautions be taken to avoid applications of any voltages higher than maximum rated 
voltages to this high impedance circuit. 



Recommended Operating 
Conditions 

(Referenced to Vss) 



Value 



Parameter 



Symbol Min. IVp. Max. Unit 



Operating 
Temperature 



Supply Voltage 



4.75 



5.0 



5.25 



Vc. 



0.0 



0.0 



0.0 



Logic Input High Voltage V|h 



2.2 



Vcc 



O°Cto+70°C 



Logic Input Low Voltage V|l 



-0.3 - 



+0.8 
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DC Characteristics 

(Recommended operating 
conditions unless otherwise 
noted) 



Value 



Parameter 


Symbol 


Min. 


TVP. 


Max. 


Units 


Input Leakage Current 

{V,N = to 5.25V, Vcc = 5.25V) 


Ili 


- 


- 


350 


M 


Output Leakage Current for 3-State 
(VouT = OV to Vcc. SFD = RRD = V,h) 


Ilz 


-20 


- 


+20 


M 


Output Low Voltage (Iql = 1.8mA) 


Vol 


— 


— 


0.4 


V 


Output High Voltage (Iql = -200//A) 


Vqh 


2.4 


— 


— 


V 


Vcc Supply Current 


'cc 


- 


70 


- 


mA 



AC Characteristics 

(Recommended operating 
ranges unless otherwise 
noted) 



Value 



Parameter 


Symbol 


Min. 


fVp. 


Max. 


Units 


Clock Frequency for RRC and TRC 
(Duty Cycle = 50%) 


fc 


DC 


- 


800 


kHz 


CRL Pulse Width, High 


tpwc 


200 


— 


— 


ns 


THRL Pulse Width, Low 


^PWT 


180 


— 


— 


ns 


DRR Pulse Width, Low 


tpWR 


180 


— 


— 


ns 


MR Pulse Width, High 


tpWM 


150 


— 


— 


ns 


Coincidence Time (Fig. 4 and Fig. 8) 


tc 


180 


— 


— 


ns 


Hold Time (Fig. 4 and Fig. 8) 


tH 


20 


— 


— 


ns 


Setup Time (Fig. 4 and Fig. 8) 


tsET 





— 


— 


ns 


Propagation Delay Time, High to Low, Output 
(Cl= 130pF+ 1TTL) 


tpdO 


- 


- 


350 


ns 


Propagation Delay Time, Low to High, Output 
(Cl = 130pF+ 1TTL) 


tpdl 


- 


- 


350 


ns 




Pin Name Pin Number Description 


RRD 4 Receiver Register Disconnect 

A high logic level, V,h, on this pin disconnects the Receiver 
Holding Register outputs from the data outputs RRs-RRi on 
pins 5-12. 



Pin Descriptions 



RRs thru 
RRi 



PE 



5, 6, 7, 8, 9, 10, 
11, 12 



13 



Receiver Holding Register Data 

These are the parallel outputs from the Receiver Holding 
Register if the RRD input is an input low level, V|l. Data is right 
justified for character formats of less than eight bits, with RR^ 
being the least significant bit. Unused MSB's are forced to a 
low logic output level, Vql- 

Parity Error 

This output pin goes to a high level, Vqh- if the received parity 
does not agree with that programmed by the Even Parity 
Enable input (pin 39). 

With each character transferred to the Receiver Holding 
Register, this output is updated. The status Flag Disconnect 
input (pin 16) allows additional PE lines to be tied together by 
providing an output disconnect capability. 
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Pin Descriptions 

(Continued) 



Pin Name Pin Number Description 



FE 



14 



RRC 



17 



DRR 



18 



DR 



19 



MR 



21 



THRE 



22 



Framing Error 

This output pin goes to a high level, Vqh. if the received 
character has no valid Stop bit. With each character 
transferred to the Receiver Holding Register, this output is 
updated. The Status Flag Disconnect input (pin 16) allows 
additional FE lines to be tied together by providing an output 
disconnect capability. 



OE 15 Overrun Error 

This output pin goes to a high level, Vqh. if the Data Received 
Flag (pin 19) is not reset before the next character is transferred 
to the Receiver Holding Register. The Status Flag Disconnect 
input (pin 16) allows additional OE lines to be tied together by 
providing an output disconnect capability. 

SFD 16 Status Flag Disconnect 

When this input goes to a high level, V|h, PEE, FE, OE, DR, and 
THRE outputs are disconnected allowing bus sharing 
capability. 



Receiver Register Ciocic 

This clock input is sixteen times the desired receiver shift rate. 



Data Received Reset (DRR) 

A low level input, V|l, resets the data Received (DR) line. 



Data Received 

This output goes to a high level, Vqh. when an entire character 
has been received and transferred to the Receiver Holding 
Register. 



Rl 20 Receiver Input 

Serial input data enters on this line. It is transferred to the 
Receiver Register as determined by the character length, parity, 
and number of Stop bits. When data is not being received, this 
input must be at high level, V|h 



Master Reset 

A high level pulse, V|h, on this input will clear the internal 
logic. The Transmitter and Receiver Registers, the Receiver 
Holding Register, FE, OE, PE, and DRR are reset. In addition, 
the serial output line is set to a high level, Vqh- 



Transmitter Holding Register Empty 

This output goes to a high level, Vqh. when the Transmitter 
Holding Register has completed transfer of its contents to the 
Transmitter Register. The high level indicates that a new 
character may be loaded into the transmitter Holding Register. 



THRL 23 Transmitter Holding Register Load 

When a low level, V|l, is applied to this input, a character is 
loaded into the Transmitter Holding Register. This character is 
transferred to the Transmitter Register on a low to high level 
transition, as long as the Transmitter Register is not 
currently in the process of transmitting a character. If a 
character is being transmitted, the transfer from the Transmitter 
Holding Register is delayed until character transmission has 
been^completed. Then, the new character is transferred 
simultaneously with the start of the serial transmission of the 
new character. 



TRE 



24 



Transmitter Register Empty 

This output is at a high level , Vqh. when the Transmitter 
Register has completed the serial transmission of a 
full character including the required number of Stop bits. A 
high level will be maintained until the start of transmission of 
the next character. 
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Pin Descriptions 

(Continued) 



Pin Name Pin Number Description 



TRO 25 Transmitter Register Output 

This output line transmits the Transmitter Register contents 
[Start bit, Data bits, Parity bit, and Stop bit(s)] serially. This 
output remains at a high level, Vqh. when no data is being 
transmitted. Therefore, the start of transmission is determined by 
the transition of the Start bit from a high level to a low level 
voltage, Vql- 



TRi thru 
TRo 



CRL 



26, 27, 28, 29, 
30, 31, 32, 33 



34 



Transmitter Register Data Inputs 

The THRL strobe loads each character on these lines into the 
Transmitter Holding Register. If WLS^ and WLS2 have selected 
a character of less than 8 bits, the character is then right-justified 
to the least significant bit, TRi, with the excess bits not used. A 
high input level, V|h, will cause a high output level, Vqh. to be 
transmitted. 

Control Register Load 

When this input is at a high level, V|h, the control bits (WLSi, 
WLS2, EPE, PI, SBS), are loaded into the Control Register. This 
input may be either strobed or hard wired to a high level. 
_ _ Parity Inhibit 

When this input is at a high level, V|h, parity generation and 
verification circuitry are inhibited and the PE output will be held 
to a low level, Vql- In the inhibit condition, the Stop bit{s) will 
follow the last data bit on transmission. 

sis 36 Stop Blt(s) Select 

A high level, V|h, on this input will select two Stop bits, and a low 
level, V||_, will select one Stop bit. If 5-bit long words are 
selected, a high level, V|h, will generate one and one-half Stop 
bits. 



WLSi,WLS2, 
EPE, TRC 



Word Length Select (WLSi, WLS2) 

The state of these two inputs determines the character length 
(exclusive of parity) as follows: 



WLS2 


WLSi 


Word Length 


V|H 


V,H 


8 bits 


V|H 


V|L 


7 bits 


V|L 


V|H 


6 bits 


V|L 


V|L 


5 bits 



Even Parity Enable (EPE) 

A high level, V|h, on this input will select even Parity, while a low 
level, V|L, selects odd Parity. 

Transmitter Register Clock (TRC) 

The frequency of this ciocl< is 1 6 times the desired transmitter 
shift rate. 
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Timing Diagrams 



Receiver Operation 



RR1 ~RR8, PE, OE, FE 



STOP START 



\^^,„^ SEE DETAIL #1 
\ 
\ STOP 



U 



X 
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Timing for Status Flag, RR^, thru RRg and DR (Detail #1) 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

■innnnnjuijmruuuuinr 



NOMINAL STOP 
TRANSITION 



X 



MIN 500 nx + 1/2 CLOCK 



X 



n-: 
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Timing Diagrams 

(Continued) 



Transmitter Operation 



■^*~-i i-^ 



X"^ \r 



I Y I DATA 



SEE DETAIL #2- 



I 



' /--" 


t-. 


/ 






\ 










1 1 
1 1 




\ 

^^^ SEE DETAIL #4 




1 1 
1 1 
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Data Input Load Cycle (Detail #2) 
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Timing Diagrams 

(Continued) 



Transmitter Output Timing (1) (Detaii #3) 

CRi CFi CR2 CF2 

V|L 



TRC 



THRL 



~\ £ 



-©- 



©1*^ 






MAX 
500 ns 



i 



-I© 



\ 



® 



Notes: 

When the positive transition of THRL is > 500 ns before the falling edge of TRC (CF2 in the 

figure), then TRE is enabled at CF2. But when 500 ns Xi)> ns, then TRE is invalid between 

CF2 and CF3. 

© THRE goes low during 500 ns Max. from the postive transition of THRL. 

TRE goes low during 500 ns Max. from the first falling edge of TRC after THRE goes low with 

TRE high. 

TRO goes low (START BIT) during 500 ns Max. from the first rising edge of TRC after TRE 

goes low. 

THRE goes high during 500 ns Max. from the falling edge of TRC after Start bit is enabled. 



Transmitter Output Timing (2) (Detail #4) 



CR'o CF'o CR'i CF'i 
CRo CFo CRi CFi . . . CR14 CF14 CR15 CFi5 



— Lk—- 



-IVOL 

© 






STOP BIT 




Notes: 

0-0 Refer to Notes in Detail #3 

TRE goes high during 500 ns Max. from the 15th rising edge of TRC after Stop bit is enabled. 
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Timing Diagrams 

(Continued) 



Other Timing Diagrams 
Input After IMaster Reset 



— \' 

2fJS \ 



Status Flag Output 



DR 
THRE 



V|H / 

START / DATA 



Vil\l- 



-tpd1 



"^JVoH 

y^^yai- 



•*— tpdO 



Control Register Load Cycle 



WLSi 
WLS2 



-T t::-^^ 



r 



-*-tH 



Data Output 



"♦-tpdl 






■^-tpdO 
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Package Dimensions 

(Dimensions in 
millimeters) 



40-Lead Ceramic 
(Metal Seal) 
Dual in-Line Package r oson 27) 
DIP-40C-A01 ""^^ 



■-) 



c= 



(rtoo* 

V 



.585(14.86) 

.605(15.38) 

.590(14.99) 
.610(15.49) 



-H h-060(1.52)MAX 



J- 




.055(1.40) ^'".023(0.58) 



1.900(48.26)REF 



177(4.50)MAX 



.040(1.02) 
.060(1.53) 



© 1986 FUJITSU LIMITED D40006S-1C 



40-Lead Plastic 

Dual In-Line Package 

DIP-40P-M01 



nnni-innnnnnnnnnr-ir-ir-inr-in 



.IS- MAX 



^^ 




(EJECTOR MARK) 



UUUUUUUUUUUU 
2.045(51.95). 



u u u u 



.533(13.55) 

.553(14.05) 

.590(14.99) 
.610(15.49) 



L 



i(0.20) / 



.008(0. 
.012(0.30) 



-.090(2.29)MAX 




.050(1.27) 11 .015(0.38) 

.070(1 .77) ■ .021(0.54) 



118(3.00)MIN 



.020(0.51 )MIN 



® 1 985 FUJITSU LIMITED D40005S-1 C 
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CLOCK GENERATOR 

AND DRIVER 



MB 8867 
MB 8867E 



October 1982 
Edition 2.0 



TWO-PHASE MICROPROCESSOR CLOCK 

The Fujitsu MB 8867 is an advanced Microprocessor Clock Generator/Driver 
LSI manufactured with Fujitsu's bipolar TTL process. The circuit generates 
non-overlapping two-phase clock signals for the Fujitsu MB L 6800 micro- 
processor unit or similiar single +5 volt MRU's. Additionally, two-phase TTL 
clock signals synchronized with the MRU clock are provided, as well as an MRU 
data strobe, reset/clock controls for the memory interrupt, and an automatic 
power-up reset. With the MB 8867, the entire MRU timing system can be 
designed with one chip and a minimum of external components. 

A built-in oscillator permits external timing control by a crystal; or RC 
network timing can be utilised for less critical applications. In the former, the 
internal frequency divider is rate selectable, so that the output frequency is 
either 1/4 or 1/16 of the source frequency. 

Driver circuits are included on the MB 8867 which eliminates the need for 
external buffer gates and reduces system package count. Output drivers are 
short - circuit protected. 

• Single chip two -phase clock generator with on-chip drivers 

• Short-circuit protected outputs 

• Complete MRU system timing network including dynamic memory refresh 

• Single +5V power supply 

• Low power consumption: 450 mW typ. 

• Reliable TTL process 

• Two-phase TTL clock signals 

• Data strobe for memory control synchronization 

• Automatic power-up and manual reset 

• Clock controls for memory interrupt 

• Crystal or RC network frequency source 

• Selectable source frequency options 

• Works with high speed microprocessors 

• Standard 24 pin package 

• Minimum external components required 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 



Rating 


Symbol 


Value 


Unit 


Vcc Pin Potential to GND Rin 


Vcc 


-t-7 Max. 


V 


Input Voltage 


V,N 


-0.5 to +5.5 


V 


Output Voltage 


Vo 


-0.5 to +5.5 


V 


Operating Temperature 


Top 


-25 to +125 


°C 


Storage Temperature 


Tstg 


-55 to +150 


°C 



NOTE: Rermanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. 



w^^ 



CERAMIC PACKAGE 
DIP-24C-C01 



t^^^ViV 



PLASTIC PACKAGE 
DiP-24P-M01 



PIN ASSIGNMENT 



GND 


C 


1 


VJ 


24 


Uvcc 


R. REG 


□ 


2 




23 


3 


XT, 


R. GRANT 


c 


3 




22 


J 


XTj 


M.GRANT 


c 


4 

5 




21 
20 


3 
3 


INH 


M. RDY 


EXT. IN 


4M 


c 


6 




19 


3 


R.SEL 


2M 


c 


7 




18 


3 


RESIN 


M. CLK 


c 


8 




17 


3 


RESIN 


DATA STB 


L 


s 




16 


3 


RC 


01 TTL 


c 


10 




15 


3 


RESET 


02 TTL 


c 


11 




14 


3 


02 


GND 


c 


12 




13 


D*j 



Small geometry bipolar integrated circuits are 
occasionally susceptible to damage from static 
voltages or electric fields. It is therefore advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum rated voltages to this device. 
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INTRODUCTION 

The MB 8867 provides the two-phase clock signal input for 
the MB L 6800 microprocessor or any simiiiar tinning signal 
required in a microcomputer system. The IC incorporates the 
necessary logic to ensure that these clock signals (0i and 02) 
are non-overlapping; and, additionally, the MB 8867 is 
designed to accomodate direct connection to high capacitive 
loads (typically 170 pF) without additional buffering. 

Most high speed microprocessor controlled systems utilize 
dynamic random access memories in order to minimize 

DESCRIPTION OF PINS 

XTi,XT2 

Two pins are provided for the connection of an external 
crystal. The crystal selected should be either four or sixteen 
times the desired output clock frequency. Small picofarad 
capacitors are provided internally in the oscillator circuitry. 
However, for fine oscillation control, an additional small 
capacitor (3 pf to 10 pf) in series with the crystal may be 
used. 

EXT. IN (TTL input) 

This input is used for an external RC network to provide 
timing control when a crystal is not utilized. Note that, like 
the crystal source, the input frequency will be either four or 
sixteen times the desired output clock frequency. See the 
APPLICATIONS INFORMATION section of this data sheet 
for proper external component connection. 

M. CLK (TTL output) 

Provides a reference clock driver for external memory 
synchronous with 02- The frequency is identical to the 
output clock frequency (0i, 02), but is not affected by 
switching R. REQ (refresh cycle). 

2M. 4M (TTL outputs) 

2M and 4M are pulse train drivers with frequencies of two 
times and four times the output clock (0 i , 02) frequency, 
respectively. When R. SEL is low, EXT. IN and 4M are in 
opposite phase. Therefore, ring oscillation can be generated 
without an external crystal by inserting an appropriate RC 
network between 4M and EXT. IN. Seethe APPLICATIONS 
INFORMATION section of this data sheet for circuit 
information. 

RC 

Provides automatic power-up reset function by utilizing an 
external RC network. R'ESET go es low w ith the rising edge 
of 01 when RC is less than 0.8V; RESET goes high when RC 
is greater than 2/3 Vcc- Therefore, automatic power-up reset 
is obtained by providing a delay slower than the rise time of 
Vcc- 

INH (TTL input) 

Used to control internal oscillation. The oscillator is opera- 
tional when fNH is brought high (open); the oscillator is 
inhibited when INH is brought low. 



system cost and power consumption. A major design 
problem in such systems is to provide dynamic RAM refresh 
timing signals synchronized with the operation of the MPU. 
The MB 8867 solves this problem with its refresh control 
pins, R. REQ and R. GRANT (Refresh Request and Refresh 
Grant). 

In the pin description below, all TTL compatible inputs and 
outputs are indicated by "TTL input" or 'TTL output" and 
later refered to in the characteristic tables by these terms. 



R. SEL (TTL input) 

When R. SEL is high (open), the one-by-four frequency 
divider is operational; when R. SEL is low, the divider is 
bypassed. As an example, a 16MHz external time source will 
generate a 1MHz output clock frequency if R. SEL is high. 

01.02 

MPU output clock drivers. 0i and 02 have non-overlapping 
control. 

01 TTL, 02 TTL (TTL outputs) 

TTL level output clock drivers synchronized with 0i and 02, 

respectively. 

DATA STB (TTL output) 

Data strobe signal for memory read and write operations. 
DATA STB goes high one cycle of the 4M output frequency 
after 02 goes high; DATA STB goes low just before 02 goes 
low. if M. RDY is not interrupted, DATA STB will maintain 
its high state during the last quarter cycle of 02- 



RESIN, RESIN (TTL outputs) 

Provides manual input reset. After reset, RESIN is brought 

low and RESIN is open. Manual reset occurs when these 

states are reversed. An internal flip-flop prevents switch-on 

chattering. 



RESET (TTL output open-collector) 

Open-collector output pin to provide the reset function. 



R. REQ, (TTL input) R. GRANT (TTL output) 
These pins provide memory refresh control. 



R. REQ is 



usually kept high. To start the refresh cycle, R. REQ is 
brought low, and then R. GRANT goes high at the next 
falling edge of the memory clock. Then R. REQ is brought 
high, and R. GRANT will go low at the next falling edge of 
the memory clock. 0i will stay high and 02 will stay low 
during refresh. R. GRANT may be connected to the three 
state control of the MPU system to provide refresh for 
dynamic memories and DMA (Direct Memory Access) in the 
"cycle steal" mode. 

M. RDY, (TTL input) M. GRANT (TTL ou tput) 
Provided for low speed memory control. M. RDY is usually 
kept high. When M. RDY is brought low, M. GRANT goes 
low on the next falling edge of 4M. The high state of 02 is 
extended for the period that M. GRANT is low. At the same 



4-195 



Ill 

MB 8867 FUJITSU 
MB 8867E 



time, the high state of M.CLK and DATA STB are recommended if the supply rail is long in order to reduce 

maintained. This permits a long time period for memory supply impedance. 

read operations. GND1,GND2 

Vcc Two ground terminals are provided in order to reduce 

Connected to the +5V supply. By-pass capacitors are internal impedance paths. 



t^J— -XT 

ii 



M.RDY- 
R. REQ.- 



1 

X 



Fig. 1-MB 8867 BLOCK DIAGRAM 



INH R.SEL 

EXT.IN 



1 " 


osc 


' 1 



4M 2M M. CLK 



1 



{>^^0 



1 TTL 

2 TTL 



-[>-| — ► DATA STB 



-[>-J — i^ M. GRANT 



-{>-| — .- R.GRANT 



RESIN RESIN 



• MEMORY INTERRUPT TIMING 



Fig. 2-SYSTEM TIMING DIAGRAM 



NORMAL REFRESH REQUEST INTERRUPT MEMORY READY INTERRUPT 



4M_n_rLn_n_n 


-TLrLnj-LrLrL 


j-i_n 




J" 


_n_n_ 


2M 1 1 I 1 




~i— J~ 


M.CLK 1 1 


' t ' 




1 1 1 
















R.REQ 


1 'ii 












?! 






1- 














, f^ 




M.RDY 






i 




















; — 








REFRESH CYCLE 






<>' 1 1 


1 1 




1 1 1^ 


1 








*. 1 1 


1 1 


1 1 1 






~l 



DATA STB I I [_ 



• POWER -UP RESET TIMING 

POWER ON 

/ ' 2/3 V 



MANUAL RESET ON 



"^ 
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GUARANTEED OPERATING CONDITIONS 

(Referenced to GND) 



Parameter 


Symbol 


Value 


Unit 


Operating 
Temperature 


Min. 


Typ. 


Max. 


Supply Voltage 


Vcc 


4.75 


5.0 


5.25 


V 


O^C to +70°C 


Input High Voltage (TIL inputs) 


V.HT 


2 






V 


Input High Voltage (RC) 


V.HR 


4.5 






V 



DC CHARACTERISTICS* 

(Full Guaranteed Operating Ranges unless otherwise noted.) 



Parameter 


Symbol 


Value 


Unit 


Min. 


Typ. 


Max. 


Output High Voltage 

01 , 02 (loH=-0.2mA, Vcc=5.25V) 

TTL outputs except RESET (loH=-0-4mA, Vcc=4.75V) 


VOH 


4.95 
2.4 






V 
V 


Output Low Voltage 

01.02 (loL=1-8mA,Vcc=4.75V) 

TTL inputs (loL=16mA, Vcc=4.75V) 


Vol 






0.3 
0.4 


V 
V 


Input Clamp Diode Voltage 

TTL inputs (l|c=-12mA, Vcc=4.75V) 


V|C 






1.5 


V 


Input High Current 

EXT IN(Vcc=5.25V,V,N=2.4V) 

R.REQ,M.RDY, RESIN 

RESIN, R.SELJNH (Vcc=4.75V, V„=2.4V) 

RC(Vcc=5.25V,V,N=5.25V) 


l|H 


-100 




40 
10 


fJLA 


Input Low Current 

EXT IN (Vcc=5.25V, V|n=0.4V) 


l|L 






-1.6 
-3.2 
-4.8 


mA 
mA 
mA 


R.REQ, M.RDY, RESIN, RESIN 

(Vcc=5.25V, V,N=0.4V) 

R.SEL, INH (Vcc=5.25V, V,n=0.4V) 


Power Supply Current 
(Vcc=4.75V,XT2=0V) 
(Vcc=5.25V. XT2=0V) 


'cc 


60 




160 


mA 
mA 


Output High Current 

RESET (Vcc=4.5V, Voh=5.5V) 


lOH 






250 


/iA 


Output Short Circuit Current 
01.02 (VoL=0V,Vcc=5.25V) 


los 


-33 
-18 




-100 
-55 


mA 
mA 


TTL inputs except RESET (Vol=OV, Vcc=5.25V) 



♦ Unused terminals are left open. 
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AC CHARACTERISTICS 

(Full Guaranteed Operating Ranges unless otherwise noted.) 











Value 








Parameter 




Symbol 








Unit 


Remarks 














Min. 


Typ. 


Max. 










MB 8867 




0.5 








Fig. 3 


Cycle Time 






Tc 






10 


MS 














MB8867E 




0.666 








Fig. 4 






MB 8867 




?-™ 










0, Pulse Width 


(01) 




PW0, 








Fig. 3 


MB 8867 E 


^-100 












MB 8867 




?- 










02 Pulse Width 


(02) 




PW0, 








Fig. 4 


MB 8867 E 


^-100 








Rise Time 


(01,02) 


tr0 




20 


40 


ns 


Fig. 3 


Fall Time 


(01 , 02 ) 


tf0 




15 


30 


ns 


Fig. 4 


01 to 02 Delay Time 


(01,02) 


tdi 


5 


20 


30 


ns 


Fig. 3 


02 to 01 Delay Time 


(01,02) 


td2 


5 


20 


30 


ns 


Fig. 4 


Pulse Width 


(4M) 


PW^ 


?-» 


Tc 
8 




ns 


Fig. 3 


(M.RDY=INH=R.SEL=HIGH) 




(2M) 
(M.CLK) 


PWj 
PWm 




Tc 
4 

Tc_ 
2 




ns 
ns 


Fig. 5 


Fig. 3 




(DATA STB) 


PWd 


^- 


Tc 
4 




ns 


Fig. 6 


4M to M.GRANT Delay Time 




t4G 






50 


ns 


Fig. 3 


4MtoM.CLK Delay Time 
!V!.CLKto0i Delay Time 




t4MC 


5 


15 
20 


30 
60 


ns 
ns 


Fig. 5 




M.CLKto02 Delay Time 




tM, 


15 


40 


80 


ns 


Fig. 3 


M.CLK to DATA STB Delay Ti 


me 
ne 


tMD 
tMG 


?-» 




50 


ns 
ns 


Fig. 6 


M.CLKto R.GRANT Delay Tin 






tEM 

tER 

tpR 


50 
50 
50 
50 






ns 
ns 
ns 
ns 


Fig. 3 
Fig. 5 


M.RDY Enable Time 


M.RDY Disable Time 


R.REQ Enable Time 


Fig. 3 
Fig. 6 


R.REQ Disable Time 







4-198 



Illlllilllillliliiilllil 

FUJITSU MB 8867 

lilllllllllllllllllllil MB 8867E 



Fig. 3-AC TEST CONDITIONS 

TTL Input Waveform Load for 0, and 0^ 



Load for TTL Outputs 



RLT=400n 



Cl<^=^ 



tr = 10ns tf= 5ns 



C^, ^(170pF (Tc^ 750ns) 
ll20pF (Tc^500ns) 




Equivalent 
:Clt r^ ^o 1S460 



Fig.4-TIMING DIAGRAM (1) 

—Tc 



-PW0,- 



Vcc - 0.3 V 



/ 



-PW02- 



Vcc-0.3 V 
0.3V 



V 



Fig.5-TIMING DIAGRAM (2) 

PW, 



i^ PWj 



\ 



/ 



/ 



\ 



t4G 



1.5V 



M.CLK / 



\ 1.5 V 



/ 



Fig. 6-TIMING DIAGRAM (3) 



J 



-r1.5V A.BV \ 



I \ 




\ 



n. 



[ 
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Fig. 7 - Ice SUPPLY CURRENT 
vsVcc SUPPLY VOLTAGE 
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Ta=25°C 


y 






y 


T^=0°C 




y 
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3 4 5 6 7 

VqC. supply voltage (V) 



Fig. 8 - 1,^, INPUT CURRENT 
vs V,M INPUT VOLTAGE * 
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Vcc 


=5.0V 






^T^=70°C 
/-T^=25°C 






T^=0°C 


" 























10 12 

V||y,, INPUT VOLTAGE (V) 



Fig. 9 - Iql OUTPUT LOW CURRENT 
vs VqlOUTPUT low V0LTAGE(TTL OUTPUTS) 

1.01 









Vcc=5.0V 
















T,=25«C ^ 


70°C 






0^ 


rr 

T =n°r. 


^ 











10 20 30 40 50 

Iql, output low CURRENT (mA) 



* except inputs with pull-up resis' 



ig. 10 - Iqh output HIGH CURRENT 

u OUTPUT HIGH VOLTAGE(TTL OUTPUTS) 



^ 2 









Vcc = 


5.0V 


V 












\ 


V 








Ta 


=70°C 


^ 


25°C 
,=0°C 








^ 


'^ 



-4 -8 -12 -16 -20 

Iqh- output high current (mA) 



Fig. 11 - Iql output low CURRENT 
ws VqlOUTPUT low VOLTAGE(0 OUTPUTS) 

1.01 ~~~~~~' 



Fig. 12 
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Vcc 


=5.0V 


Ta=70°C^ 








Ta= 


25°C 


^ 








J, 


,=o°c 
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20 40 60 80 100 

Ti , OUTPUT LOW CURRENT (mA) 



,02 CLOCK PULSE WIDTH 
v$Tc CYCLE TIME 



5 400 



^" 300 
I 200 



1 

Vcc=5.0V 
Ta=25°C 




.^ 


^ 


Cl,= 


170pF 


/> 


<p2 
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^ 






y 
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^ 











600 800 1000 1200 
Tc, CYCLE TIME (ns) 



Fig. 13 - Iqh output HIGH CURRENT 
vs Vqh output HIGH VOLTAGE (0 OUTPUTS) 



5 2 
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T/ 
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Ta=70°C 

1 


' 
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lOH. OUTPUT HIGH CURRENT (mA) 



Fig. 14 - Cl^ load CAPACITANCE 
ysPW0, PULSE WIDTH 



9 450 



Vcc 


=5.0V 














Ta=0°C 

>°c 
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Ta=2E 


=70°C- 
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APPLICATIONS INFORMATION 



1. Crystal Oscillator: 

The crystal oscillator circuitry is shown in Fig. 15. Oscilla- 
tions between the serial (fo) and parallel (foo) resonant fre- 
quency of the crystal can be generated. Pico farad capacitors 
(Cio, C20) SI'S diffused on-chip. Therefore, oscillation can 
be generated by simply connecting an external capacitor 
(C2 ~ 50pF) from XT2 to ground. Normally, a crystal 
with a resonant frequency of four or sixteen times the 
desired output clock driver frequency is used. The selection 
depends on whether the R. SEL pin is high (16X) or 
low(4X). 

External crystal specifications: 

Oscillator Frequency 22 MHz max. 

Load Capacitance 10 ~ 30 pF 

Equivalent Resistance 75 ohms max. 

Resonant Power 4 mW max. 



Fig. 16— Standard Capacitance for Crystal Oscillator 



(pF) 




8 12 16 

Frequency of Oscillator 
and Recommended Crystal 
Frequency Range 



20 (MHz) 




Typical Frequency of Crystal Oscillator 



Clock 

Frequency 

(MHz) 


Cycle 

Time 

(ns) 


Inherent Frequency of 
Crystal Oscillator (MHz) 


R.SEL=H 


R.SEL=L 


1.00 
1.33 
2.00 


1000 

750 

500 


16.00 
21.33 


8.00 



2. 01 , 02 Clock Driver Circuit 

The output clock driver circuit is shown in Fig. 17. 

These circuits are designed to drive capacitive loads with a 

high amplitude pulse train. The pull-up resistor Rp has a 

nominal value of 500 ohms, and is on-chip in order to swing 

01, 02 up to Vcc- When 0i , 02 are grounded, Rj (10 ohms) 

and Q4 protect the output driver Q3. 




3. Input Controls 

All inpu t controls (INH, R. SEL, R. REQ, M. RDY, RESIN, 
RESIN) are TTL compptible. To simplify system packaging, 
all these pins have internal pull-up resistors so that they may 
be left open (unconnected) if desired. 
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Fig. 18-CLOCK GENERATION USING CRYSTAL 



20pF 






_L 50pF 



RC 



RESIN 



MANUAL 
RESET 



MB 8867 



RESET 



R.GRANT 



-^ to RESET of MPU 



to 0, and 02 of MPU 



- to Dynamic RAM 



NOTE: The output clock (0i , 02) frequency will be 1/4 or 1/16 of 
the crystal frequency depending upon whether R.SEL is 
high or low. 



Fig. 19-CLOCK GENERATION USING EXTERNAL "RC" NETWORK 
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NOTE: When both INH and R.SEL are held low, the circuit be- 
tween EXT. IN and 4M forms a five stage serial invertor. 
The osillation frequency of this ring oscillator is controlled 
by the external 3K ohm resistor. 
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APPLICATIONS INFORMATION (cont'd) 



Fig. 20-RE FRESH CONTROL APPLICATION 
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Fig. 21-LOW SPEED MEMORY APPLICATION 
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NOTE: *1 . Values depend upon memory speed. For 1 /xs cycle time, 
use 100 pF and 25Kn. 
*2. Inverter for address selection may be used. 
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PACKAGE DIMENSIONS 



R.025I0.M) 
BEF, 



H 



24-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE 

(CASE No. : DIP-24C-C01) \_ 

nnnnnnnnnnnn ^"^"^ 



ILJUUULJUUUI 
1.200(30.48) 



1.300(33.02) 
-.100(2.54)MAX 



.514(13.06) .600(15.24) 
.541(13.75) .625(15.87) 



.062(1.58) 
® 1985 FUJITSU LIMITED D24008S-2C 



1.100(27.94)REF 
■042(1.06) 



.230(5.84)MAX 




.-o 



24-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No. :DIP-24P-M01) 

ni-ir-ir-inni-innf-inn 



X 



uuuuuuuuuuuu 

_^ 1.171(29.75) 



1.197(30.40) 



.524(13.30) 
.543(13.89) 



.590(14.99) 
.610(15.49) 



H — .050(1.2 





.195(4.96)MAX 
.118(3.00)MIN 



020(0.51)M1N 



.079(2.00) 
© 1986 FUJITSU LIMITED D24009S-1C 
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ANALOG-TO-DIGITAL CONVERTERS 



Device 


Description 


Resoiution 
(bits) 


Linearity 
(%) 


Analog 

input 

Voltage 

Range (V) 


Speed 


Supply 

Voltage 

(V) 


Max. Supply 

Current 

(mA) 


I/O Level 


Package 


Alternate 
Source 


MB40521 


Bipolar 4-ch. 8-bit 
A/D Converter: 
Successive approx- 
imation technique. 
Serial output 


8 


±0.19 


3 Modes: 
to 0.625, 
to 2.5, 
OtolO 


100 ^s/ 
chMax 


3.5-6.0 

or 

8.0-18 


30 at 
Vcc = 6V 


TTL/ 
CMOS, 
Open 
Collector 


DIP-16C-C02 
DIP-16P-M02 




MB40532 


Bipolar 6-ch. A/D 
Converter Sub- 
system: Single 
slope method. 
Pulse width out- 
put, scale 
correction 




±0.2 


0to(Vcc-2). 
5.25 Max 


350^/ 
ChMax 


4.75 
to 15 


10 


TTL 


DIP-16C-C02 
DIP-16P-M01 
FPT-16P-M01 


HA9708 


MB40563 


Bipolar 8-channel, 
successive approx- 
imation technique. 
Serial output 


6 


0.19 


to 1.25; 
0to5 


100 /i/ 
channel 
max 


4.75 to 
18 


40 


TTL 


DIP-20P-M01 




MB40632 


MB4053 with on- 
chip voltage 
divider 


~ 


±0.2 


0tO(Vcc-2). 
5.25 Max 


350 |is/ 
ChMax 


~ 


~ 


TTL 


DIP-16C-C02 
DIP-16P-M01 
FPT-16P-M01 


~ 


MB40547-73 
-83 


1-ch. 8-bit A/D 
Converter: Fully- 
parallel compari- 
son method 


8 
8 


±0.4 
±0.2 


Vccto 

(Vcc-2) 


20 
MSPS 


-5.2 

±5% 


-280 


10K 
ECL 


DIP-24C-A01 




MB405763 


Bipolar High Speed 
1-ch. 6-bit A/D 
Converter: Fully- 
parallel compari- 
son method 


6 


±0.8 


Vccto 

(Vcc-2) 
IV Width 


20 
MSPS 


+ 5.0 
±5% 


80 


TTL 


DIP-16P-M04 





DIGITAL-TO-ANALOG CONVERTERS 



iyiB40722 


8-bit High Speed 
Multiplying D/A 
Converter: High-Z 
open-collector 
outputs 


8 


±0.2 


-10to+18 
(Vs= ±15V) 


150 ns 


±4.5 

to 

±18 


3.8 for 
V^ = 15V 
-7.8 for 
Vs = 
-15V 


Any 


DIP-16C-C02 
DIP-16P-M02 
FPT-16P-M02 


DAC-08 


l«B40748-83 
-93 


10-bit High Speed 
D/A Converter 


10 


±0.2 
±0.1 


OtO-1 


30 
MSPS 


-5.2 

±5% 


-90 


10K 
ECL 


DIP-24C-A01 


- 


MB407763 


6-bit High Speed 
D/A Converter: 
Suitable for 
digital TV 


6 


±0.8 


Vccto 
(Vcc-1) 


20 
MSPS 


+ 5 
±5% 


65 


TTL 


DIP-16P-M04 




MB407783 


8-bit High Speed 
D/A Converter: 
Suitable for 
digital TV 


8 


±0.2 


Vccto 
(Vcc-1) 


30 
MSPS 


+ 5 
±5% 


75 


TTL 


DIP-18P-M01 




iyiB407883 


10-bit Ultra High 
Speed D/A Con- 
verter: Pin com- 
patible with 
MB40748 


10 


±0.2 


Oto-1 


125 
MSPS 


-5.2 

±5% 


-135 


10K 
ECL 


DIP-24C-A01 





Notes: 

I.Ta = -30'Cto +85°C 

2. Ta = -40°CtO +85°C 

3. Ta = 0»CtO +70''C 
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FUJITSU 



CMOS 
PERIPHERALS 



SOON TO BE 
AVAILABLE 



INTRODUCTION 

The MB892XX series of CMOS peripherals are presently being developed with engineering samples already available on. all of 
the devices. This CMOS family of peripherals is specifically aimed at reducing system power consumption. The advanced 
information provided in this document represents the functional design targets of Fujitsu, and may change without notice. For the 
most current paramethc data and other technical information, the user should contact the nearest Fujitsu Sales Office— refer to 
the back of this Data Book. 
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FUJITSU 



DMA 
CONTROLLER 



MB89237A 



April 1986 



DESCRIPTION 

The Fujitsu MB89237A Direct Memory Access (DMA) Controller performs memory-to-memory and memory-to-l/O data 
transmissions with virtually no control burden on the CPU. The device can handle up to four DMA channels and is functionally 
compatible with the Intel 8237A NMOS device. The MB89237A is fabricated in CMOS and is housed in a 40-pin plastic DIP. 
The MB89237 is an ideal choice for applications where minimum control overhead is required and data throughput is of primary 
importance. 

PIN CONFIGURATION 









IRCZ 


1 ^ 


-^ 40 


IWCZ 


2 


39 


MRC 


3 


38 


MWIZ 


4 


37 


NCd 


5 


36 


READY d 


6 


35 


HLDACK C 


7 


34 


ADSTB C 


8 


33 


AEN [Z 


9 


32 


HLDREQ C 


10 


31 


CSC 


11 


30 


CLOCK C 


12 


29 


RST C 


13 


28 


DMAACK2 c 


14 


27 


DMAACK3 c 


15 


26 


DMAREQ3CZ 


16 


25 


DMAREQ2 C 


17 


24 


DMAREQ1 c 


18 


23 


DMAREQo (Z 


19 


22 


GND C 


20 


21 



Ay 
ZlAe 
ZlAs 
=1A4_ 
ZlEOP 
Z1A3 
=IA2 
=lAi 
=]Ao 

ZIvcc 

ZlDBo 

ZIDB1 

ZIDB2 

ZIDB3 

ZIDB4 

Zi DMAACKo 

Z3 DMAACKi 

ZIDB5 

ZlDBe 

IDDBy 



Note: 

This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 



BLOCK DIAGRAM 
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SERIAL DATA 

TRANSMITTER/ 

RECEIVER 



MB89251A 



1 



April 1986 



DESCRIPTION 

The Fujitsu MB89251 A Serial Data Transmitter/Receiver provides a duplex communications link between serial-data peripherals 
and the master processing system. The MB89251A supports both synchronous and asynchronous modes of operation and 
provides data transfer rates of up to 240K-bps. The MB89251 A is fabricated in CMOS and is housed in a 28-pin plastic DIP. The 
device is functionally compatible with the Intel 8251 A NMOS device. 



PIN CONFIGURATION 



BLOCK DIAGRAM 











DB21Z 


7""Vi 


■^ 28 


Z]DBi 


DBaC 


2 


27 


DDBo 


RCVDT C 


3 


26 


I]Vcc 


GNDC 




25 


Zl RCVCLK 


DB4[= 




24 


I]DTR 


DBsCI 




23 


ZlRtS 


DBfiC: 




22 


ZIDSR 


DB/CI 




21 


ZIRST 


TRNCLK C 




20 


D CLOCK 


WE 


10 




H TRNDT 


CSJZ 


11 




n TRNEMP 


CMDTlZ 


12 




Zlcfs 


R[Z 


13 




Z] SYNCBRK 


RCVRDY n. 


14 




"3 TRNRDY 












This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be talon to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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FUJITSU 



PROGRAMMABLE 
TIMER 



MB89254 



April 1986 



DESCRIPTION 

The Fujitsu MB89254 Programmable Timer provides three totally independent timer channels. The user can select one of six 
operating modes for each channel and a variety of output waveforms (pulse, squarewave, etc). Under program direction, the timer 
serves as a "special-effects" generator and can be used for flag control, special system-control functions, and other supervisory 
chores. The MB89254 is fabricated in CMOS and is housed in a 24-pin plastic DIP. The device is functionally compatible with the 
Intel 8254 NMOS device. 



PIN CONFIGURATION 



BLOCK DIAGRAM 











DBzlZ 


1 ^ 


^ 24 


DVcc 


DBelZ 


2 


23 


ziw 


DBsC: 


3 


22 


DR 


DB4C: 




21 


DCS 


DBsC 




20 


DAi 


DB2IZ 




19 


ZJAo 


DBiC 




18 


I1CLK2 


DBoC 




17 


ZI0UT2 


CLKOCI 




16 


I] GATE2 


OUTOC 


10 


15 


DCLKI 


GATED C 


11 


14 


I] GATE1 


VssC 


12 


13 


I]0UT1 











This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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FUJITSU 



11 PARALLEL DATA 
1 I/O INTERFACE 


MB89255A 1 



April 1986 



DESCRIPTION 

The Fujitsu MB89255A Parallel Data I/O Interface provides an 8-bit bi-directional data-bus port and three 8-bit parallel I/O ports. 
Two of the I/O ports provide data transfers in byte segments whereas the other port is split with the upper and lower nibbles being 
transferred by separate busses. Thus, the MB89255A can be easily interfaced to hybrid 4-bit/8-bit systems. The user can choose 
either of three operating modes and can set or reset the state of each port bit. The MB89255A is fabricated in CMOS and is housed 
in a 40-pin plastic DIP. The device is functionally compatible with the Intel 8255A NMOS device. 



PIN CONFIGURATION 



BLOCK DIAGRAM 











P03CI 


,-- ^ 


-^ 40 


nP04 


P02IZ 


2 


39 


I1P05 


POlC 


3 


38 


Z1P06 


POOC 


4 


37 


I1P07 


Rd 


5 


36 


Uw 


CSC 


6 


35 


Drst 


GNDC 


7 


34 


ZlDBO 


AlC 


8 


33 


ID DB1 


AOC 


9 


32 


Z1DB2 


P27C: 


10 


31 


I1DB3 


P26IZ 


11 


30 


I]DB4 


P25IZ 


12 


29 


DOBS 


P24C: 


13 


28 


DDBB 


P20[I 


14 


27 


I1DB7 


P21CI 


15 


26 


UVCC 


P22C 


16 


25 


I]P17 


P23C: 


17 


24 


Z1P16 


PIOC 


18 


23 


Z1P15 


P11IZ 


19 


22 


I1P14 


P12C: 


20 


21 


Z1P13 
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WRITE 

CONTROL 

LOGIC 



iO 



o 



c 



o 



^ 



o 



c=^ 



GROUP 
PORT 2 
UPPER 
NIBBLE 



o 



GROUP 1 
PORT 2 
LOWER 
NIBBLE 



o 



o 



INTERNAL 
8-BIT DATA BUS 



This device contains circuitry to protect tiie inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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INTERRUPT 
CONTROLLER 


MB89259A 1 



April 1986 



DESCRIPTION 

The Fujitsu MB89259A Interrupt Controller is capable of prioritizing eight interrupt inputs and, in a cascade configuration, up to 64 
interrupts can be handled without excessive delay. Each interrupt input is identified by a programmed vector that corresponds to 
the active input. The user can program the device for edge or level triggering to activate the interrupt. The MB89259A is 
fabricated In CMOS and is housed in a 28-pin plastic DIP. The device is functionally compatible with the Fujitsu MBL8259A 
NMOS device and the Intel 8259A NMOS device. 



PIN CONFIGURATION 



BLOCK DIAGRAM 



CSC 


1 ^ 


■^ 28 


nvcc 


wC 


2 


27 


I] RSLCT 


RC 


3 


26 


ZliNTA 


DB7[Z 


4 


25 


DIRQ7 


DB6C: 


5 


24 


DIRQ6 


DB5 1Z 


6 


23 


UlRQS 


DB4C: 


7 


22 


I]IRQ4 


DB3CZ 


8 


21 


DIRQ3 


DB2IZ 


9 


20 


I3IRQ2 


DBIC 


10 


19 


DiRQI 


DBOC 


11 


18 


DiRQO 


cod 


12 


17 


HINT 


C1C 


13 


16 


nSLCT 


gndC 


14 


15 


=|C2 



INTERRUPT MASK REG 
(IMR) 



IRQO 
IRQ1 
IRQ2 
IRQ3 
IRQ4 
IRQ5 
IRQ6 
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ujOO 



Ott 

IS 



:lI 



CONTROL LOGIC 



SLOT C2 CI CO 



nil 



CASCADE 
CONTROL 



READ/ 

WRITE 

CONTROL 









RSLCT 
CS 




This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be talcen to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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April 19 

DESCRIPTION 

Both the Fujitsu MB89282 and MB89283 are 8-bit address latches. The MB89282 provides non-inverted outputs and those of the 
MB89283 are inverted. The devices are fabricated in CMOS and are housed in a 20-pin plastic DIP. The address latches are 
functionally compatible with the Fujitsu bipolar MBL8282/MBL8283 devices and the Intel bipolar 8282/8283 devices. 



PIN CONFIGURATIONS 

















IDCZ 


1 ^^ 20 


=lVcc 


IDC 


1 


^^ 20 


Z3VCC 


2DIZ: 


2 19 


Z3 1Q 


2DCZ 


2 


19 


mio 


3DCZ 


3 18 


Z3 2Q 


3DIZ 


3 


18 


=120 


4DCZ 


4 17 


Z]3Q 


4DIZ 


4 


17 


=130 


5DCZ 
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5 
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=3 50 


6D[Z 


6 


15 


=150 


7DCI 


7 14 
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7 


14 HBO 1 


8DCZ 


8 13 


=17Q 


8DC: 


8 


13 


=]7Q 


00 c 


9 12 


=180 


00 c 


9 


12 =180 


GNDCZ 


10 11 


=IG 


GNDEZ 


10 


11 ID G 

















These devices contain circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to these high impedance circuits. 



BLOCK DIAGRAMS 



OUTPUT 
CONTROL 



MB89282: 



O— -^CH 



^iO-^^^^ 01 

'^-tq-^5> — 02 

TQ-^3^ 03 

'tQ-^^^^^ 04 

q|— -ct> o 5 
l^ol op> 08 



MB89283: 



i ol 1>0— 10^ 

"~^_^ 1>0 O 20 

\ Q — — 1>0— -03Q 

^0 — — po O 40 

^ A po O 50 

^ q| ^ 6 

I po O 8 
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CLOCK 
GENERATOR 



MB89284A 



April 1986 



DESCRIPTION 

The Fujitsu MB89284A Clock Generator generates a system clock and provides ready and reset signals for the MBL8086, 
MBL8088, and MBL8089 microprocessors. The device is fabricated in CMOS and is housed in a 20-pin plastic DIP The MB89284A 
is functionally compatible with the Fujitsu bipolar MBL8284A device and the Intel bipolar 8284A. 



PIN CONFIGURATION 



BLOCK DIAGRAM 
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12 
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This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it Is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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FUJITSU 


DATA BUS 
TRANSCEIVERS 


MB89286 1 
MB89287 1 





April 1986 

DESCRIPTION 

The Fujitsu MB89286/I\/IB89287 Data Bus Transceivers serve as buffers between the local data bus of the processor and the system 
data bus. Outputs of the MB89286are non-inverting whereas, for the MB89287, the outputs are inverted. Both devices are fabricated 
In CMOS and each is housed in a 20-pin plastic DIP The bus transceivers are functionally compatible with the Fujitsu bipolar 
MBL8286/MBL8287 devices and the Intel bipolar 8286/8287 devices. 



PIN CONFIGURATIONS 
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These devices contain circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to these high impedance circuits. 



BLOCK DIAGRAMS 
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DESCRIPTION 

The Fujitsu MB89288 Bus Controller receives and decodes status signals from either of several microprocessors (MBL8086, 
MBL8088, MBL8089, MBL80186, or MBL80188) and provides command/control signals to memory and I/O devices. The 
MB89288 controller is fabricated in CMOS and is housed in a 20-pin plastic DIP. The MB89288 is functionally compatible with 
the Fujitsu bipolar MBL8288 bus controller and the Intel bipolar 8288 device. 



PIN CONFIGURATION 



BLOCK DIAGRAM 
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This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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DESCRIPTION 

The Fujitsu MB89289 Bus Arbiter is designed for use in multi-processor systems where conflicts of bus-access are likely to occur. 
When multiple bus masters request simultaneous access to the system bus, the MB89289 monitors these requests, assigns 
priorities, and grants access in an orderly manner. The MB89289 bus arbiter is fabricated in CMOS and is housed in a 20-pin plastic 
DIR The MB89289 is functionally compatible with the Fujitsu bipolar MBL8289 arbiter and the Intel bipolar 8289 device. 



PIN CONFIGURATION 



BLOCK DIAGRAM 
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'MULTIBUS IS A PATENTED BUS OF INTEL. 



This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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ENCODER /DECODER 



MB 502A 



October 1983 
Edition 2.0 



ETHERNET ENCODER/DECODER 

The Fujitsu MB 502A is an Ethernet* Encoder/Decoder designed 
to meet all the requirements of the Ethernet Blue Book specifica- 
tion and fabricated with high-speed ECL and Schottky TTL tech- 
nology. 

The encoder converts serial binary data into complementary 
Manchester code. The decoder converts Manchester code into 
binary data and synchronous clock signals. The decoding method is 
a digital phase locked loop with dual bandwidth which allows both 
fast lock-on and a small amount of jitter. Typical acquisition is 
eight bits or better. A key feature of the decoder design is its 
capability to recover distorted input signals. The MB 502A is 
packaged in a 24-pin ceramic standard DIP. 



FEATURES 

• Full Ethernet compatibility 

• Manchester encode and decode 

• Level conversion: transceiver level to/from TTL level 

• Carrier detection 

• Large distortion recovery: ±20 ns 

• Dual bandwidth phase locked loop: allows fast acquisition 

• Loopback ''CONFIDENCE" test feature 

• Built-in clock generator 

• Small external parts count: all passive external components 

• High-speed ECL and Schottky TTL technology 

• Single power supply: +5V 

• Low power dissipation: 750mW typ. 

• 24-pin standard Dual In-line Ceramic Package 



\l 




CERAMIC PACKAGE 
DIP-24C-C01 



PIN ASSIGNMENT 



RCC 

Nc[;; 

osc.outC 

osc.inQ 

osc.ref[[ 



ten[^ 

txdQ 

tcknI^ 

rxd[;; 

GND 



TIT- 



24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 



HVcc 

IJCOL- 

I]C0L+ 

I]txdata- 

^TXDATA+ 
^^JRXDATA- 

ijrxdata+ 
Hdclink 

IJLBC 
I]XCD 
I]XCOL 
^RCKN 



^Ethernet is a trade mark of Xerox Corp. U.S.A. 
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Fig. 1 BLOCK DIAGRAM 
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PIN ASSIGNMENT TABLE 



Group 


Pin Nunnber 


Symbol 


Pin Name 


I/O 


Level 


Function 


Power 
Group 


12 


GND 


Power 
supply 


1 




Ground 


24 


Vcc 


1 




+5V DC power supply 


Cable 
Group 


18 
19 


RXDATA+ 
RXDATA- 


Receive 
data pair 


1 
1 


ECL 
differential 


Interfacing to receive pair 
of the transceiver cable. 


20 
21 


TXDATA+ 
TX DATA- 


Transmit 
data pair 






ECL 
differential 


Interfacing to transmit pair 
of the transceiver cable. 


22 
23 


CO L+ 
COL- 


Collision 
presence pair 


1 
1 


ECL 
differential 


Interfacing to collision 
presence pair of the 
transceiver cable. 


EDLC 
Group 


8 


TEN 


Transmit 
encode enable 


1 


TTL 


Input for encoding and 
TXDATA± enable. 


9 


TXD 


Transmit 
serial data 


1 


TTL 


Input for transmit data to 
be encoded onto the 
Ethernet coax. 


10 


TCKN 


Transmit 
data clock 





TTL 


Stable 10MHz clock output 
for transmit bit stream. 


11 


RXD 


Receive 
serial data 





TTL 


Output of received and 
decoded bit stream. 


13 


RCKN 


Receive 
data clock 





TTL 


Clock output to strobe RXD. 


14 


XCOL 


Collision 
presence 





TTL 


Duplication of the collision 
presence pair (COL±). 


15 


XCD 


Receive 
carrier detect 





TTL 


Carrier detect function of 
the decoder. 


16 


LBC 


Loopback 
command 


1 


TTL 


Input to command the 
MB502A to operate in 
loopback mode. 


Oscillator 
Group 


4 
5 
6 


OSC. OUT 
OSC. IN 
OSC. REF 


Oscillator 
pins 




1 




ECL 


Pins for direct connection 
of discrete oscillator com- 
ponents. 


Others 


1 
2 


RC 
C 


Capacitor 
pins 


_ 


ECL 


Pins for direct connection 
of a capacitor. 


3 


NC 


Non-connection 
(PLLtest) 





ECL 


Output pin for PLL 
testing purpose only. 


7 




FF test 


1 


TTL 


Input pin to initialize 
flip-flops for testing purpose 
only. 


RESET 


17 




DC/AC 
coupling 
select for 
transceiver 
pairs 


1 


TTL 


Input to select DC/AC 
coupling of transceiver cable 
pairs. 


DCLINK 
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FUNCTIONAL DESCRIPTION 



The MB 502A has five major functions; encode, decode, 
collision, master clock generation and loopback. 

ENCODE 

The encoder section of the MB 502A is a simple circuit 
which performs an appropriate exclusive-OR between the 
transmit clock and transmit data using latches to reduce the 
skew of TXDATA± outputs. The encoder sends the transmit 
clock (TCKN) to the Data Link controller. Then an encode 
enable signal (TEN) and data (TXD) are returned from the 
Data Link controller. 

DECODE 

The decoder performs three functions. First, it decodes 
data using the differential receive inputs (RXDATA+ and 
RXDATA-) of the transceiver cable. Next is the carrier 
detect function. The carrier is derived from the receive inputs 
and passed to the Data Link controller from the XCD out- 
put. The last function is the stripping of the first several bits 
(eight bits maximum) of the packet. This is not a part of the 
Ethernet Physical Layer specification. The receive clock 
(RCKN) is actually inhibited for 6 or 7 clock cycles to allow 
the PLL (phase locked loop) to gain acquisition. This func- 
tion was designed into the Encoder/Decoder because the 
EDLC (Ethernet Data Link Controller, MB 8795B) is a byte 
oriented device, and the function is more appropriately 

SIGNAL PIN DESCRIPTION 

CABLE GROUP 

RXDATA± (receive serial data pair, inputs) 

These are the Inputs to the decoder. They receive 
Manchester coded signals which the transceiver en- 
counters on the Ethernet coax. 

The input circuit is a differential receiver and can 
receive voltages of to Vec- The differential receiver 
has two operation modes; DC coupled operation and 
AC coupled operation, which are selected by DCLINK 

input. 

In DC coupled operation (DCLINK is low), the differ- 
ential threshold is typically OV. The differential input 
voltage of more than 0.2V is regarded as high level 
and the differential input voltage of less than -0.2V 

is regarded as low level. 

In AC coupled operation (DCLINK is high), the dif- 
ferential threshold is typically -0.2V. A differential 
input voltage of more than -0.05V is regarded as high 
level and a differential input voltage of less than -0.4V 
is regarded as low level. 

The receiver circuit is designed to supply a high level to 
the decoder when RXDATA+ and RXDATA- are not 
receiving data but are just short-circuited through a 
transformer coil or left unconnected. However, when 
RXDATAi are receiving data, the differential thresh- 
old is typically OV to minimize receiving distortion. 

TXDATA± (transmit data pair, outputs) 

These are the outputs of the encoder. They transmit 

Manchester coded signals to the transceiver. 

The driver output circuit is an emitter-follower and 



provided in the Encoder/Decoder which is bit oriented. 

The decoder PLL has excellent distortion handling capability. 
It is designed to recover ± 20ns exercised. 

COLLISION 

The collision detect inputs (COL+ and COL-) are simply 
converted to a TTL level signal (XCOL). The latching and 
timing functions for this signal are provided in the EDLC 
(MB 8795B). 

MASTER CLOCK GENERATION 

The oscillator generates and supplies a 100MHz master clock 

signal to the encoder and decoder. 

Discrete oscillator components such as a crystal may be 

directly connected to the provided oscillator pins. 

The oscillation frequency must be 100MHz with a tolerance 

of less than ±0.01% to meet the Ethernet specification 

because one tenth of the oscillation frequency is the transmit 

bit rate. 

LOOPBACK 

A loopback input is provided to allow all encoding and 
decoding functions to be exercised without using the trans- 
ceiver cable. During loopback operation, the encoded data is 
routed internally to the decoder, the transmit outputs are 
idle, and the receive and collision inputs are ignored. 



requires a pull-down resistor (270^2 typ.). It can drive 
a transceiver cable differential impedance of 78^. 

The differential transmitter outputs (TXDATA+ and 
TXDATA-) also have the ability to emulate a trans- 
former drive. This is actually implemented to reduce 
the current involved in a transformer termination of 
the transmit outputs in the transceiver which has a 
DC resistance of zero ohms. After the encoding func- 
tion stops, the transmitter outputs gradually return to 
a OV differential between the two output wires. The 
returning time is determined by an external capacitor 
connected between the RC and C pins. 

COL± (collision presence pair, inputs) 

This pair of signals indicates the presence of a collision 
generated by the transceiver. 

The input circuit is a differential receiver and can 
receive voltages of OV to Vqc- The differential receiver 
has two operation modes; DC coupled operation and 
AC coupled operation, which are selected by DCLINK 

input. 

In DC coupled operation (DCLINK is low), the differ- 
ential threshold is typically OV. A differential input 
voltage of more than 0.2V is regarded as high level 
and a differential input voltage of less than -0.2V is 
regarded as low level. 

In AC coupled operation (DCLINK is high), the dif- 
ferential threshold is typically -0.2V. A differential 
input voltage of more than -0.05V is regarded as high 
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level and a differential input voltage of less than -0.4V 

is regarded as low level. 

The receiver circuit is designed to supply a high level to 

the level converter when COL+ and COL- are not 

receiving data but are just short-circuited through a 

transformer coil or left unconnected. 

Unlike RXDATA±, the differential threshold is set to 

-0.2V even when COL± are receiving data. 

EDLC GROUP 

TEN (transmit encode enable, input) 

This is an input to the on-chip Manchester encoder and 
enables TXDATA pair. Input high enables TXDATA 
pair; input low makes TXDATA pair idle (high). 

TXD (transmit serial data, input) 

This is an input to the on-chip Manchester encoder and 

provides data to be encoded. 

Serial binary data must be supplied to this input 

synchronously with the falling edge of TCKN (transmit 

data clock). 

This input is enabled when TEN (transmit encode 

enable) is high. 

TCKN (transmit data clock, output) 

1 0MHz clock output for the transmit serial binary data. 
This is stable one-tenth of the master clock frequency. 
See TXD (transmit serial data) description. 

RXD (receive serial data, output) 

This is an output of the on-chip Manchester decoder 
and provides decoded data from Ethernet coax to a 
Data Link controller. 

This output is synchronous with the falling edge of 
RCKN (receive data clock). 

RCKN (receive data clock, output) 

Clock output to strobe RXD (receive serial data). 

See RXD (receive serial data) description. 

At the beginning of a packet, RCKN is inhibited for 6 

or 7 clock cycles to allow the PLL to gain acquisition. 

And at the end of a packet, RCKN is inhibited for 1 

clock cycle. 

During idle state, this output generates a 10MHz clock 

signal. 

XCOL (collision presence, output) 

This is a TTL duplication of the collision presence pair 
(COL±). The transceiver connected to Ethernet coax 
supplies a high level or differential voltage of OV to 
COL ± when collision is not seen on the coax. It sup- 
plies a 10MHz square wave signal to COL ± when colli- 
sion is detected. Accordingly, XCOL outputs high level 
when collision is not seen and outputs a 10MHz square 
wave signal during collision presence. 

XCD (receive carrier detect, output) 

This output provides carrier detect function of the 
Manchester decoder. This signal is used by a Data Link 
controller receiver as a data acquisition enable signal 
and by a Data Link controller transmitter as transmi- 
tion permission information. 
Output is low when the Ethernet coax is idle. 



LBC (loopback command, input) 

High level input to this pin dictates loopback mode 
operation. During the loopback mode operation, 

XCOL output is high level, 

TXDATA+ output is high level, 

RXDATA± inputs are ignored 
and the data supplied to TXD (transmit serial data) 
when TEN (transmit encode enable) is high is encoded, 
supplied to the Manchester decoder through the 
internal route and output from RXD (receive serial 
data), RCKN (receive data clock) and XCD (receive 
carrier detect). 

OSCILLATOR GROUP 

OSC.OUT, OSC.IN AND OSC.REF (oscillator pins) 

A 100MHz crystal is to be placed between OSC.IN and 

OSC.OUT. 

An LC tank circuit is to be placed between OSC.IN and 

OSC.REF to assure start-up in the proper harmonic of 

the crystal. 

OSC.OUT is an emitter-follower output and requires a 

pull-down resistor (33012 typ.). A phase adjusting 

capacitor is to be placed in parallel with the pull-down 

resistor to make the delay through the oscillator close 

to 10ns to increase the efficiency of the crystal. 

As a design recommendation, connection wires should 
be as short as possible. 

OTHERS 

RC and C (capacitor pins) 

A capacitor placed between these pins provides the 
timing for the transformer emulation of the transmit 

pair. 

In AC coupled operation (DCLINK is high), after data 
transmission, TXDATA- goes high with rise time deter- 
mined by the time-constant of the internal resistor and 
the connected capacitor. When a 470pF capacitor is 
connected, the rise time of TXDATA- is typically 
0.8ius(20%to80%). 

Because pin C is connected to Vcc on chip, DC voltage 
must never be supplied to this pin. 



DCLINK (DC/AC coupling select for transceiver pair) 

This input is to select DC/ AC coupling of transceiver 
cable pairs. Low level selects DC coupling. High level 
selects AC coupling and makes both TXDATA+ 
and TXDATA- high during idle state to prevent the 
transformer from saturation. 
See CABLE GROUP description. 

This pin must be stuck at high or low level. It may be 
connected directly to Vqc o'' ground. 



RESET (FF testing purpose only) 

This input pin is to initialize flip-flops fof^ testing 
purposes only and must be connected to Vcc ^^ stuck 
at high level in a normal operation. 

NC (non-connection) 

This output pin is for testing purposes only and must 
be left open in a normal operation. 
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ABSOLUTE MAXIMUM RATINGS' 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


Vcc 


-0.3 to 7.0 


V 


TIL Level Input Voltage 


V.TTL 


-0.3 to 7.0 


V 


Receiver Input Voltage 


V,R 


-0.3 to Vcc + 0.3 


V 


Driver Output Voltage 


Vqdv 


Vcc(max) 


V 


Driver Output Current 


'ODV 


-40.0 to 


mA 


Oscillator Input Voltage 


V,osc 


Vcc-4 to Vcc, 
and more than-0.3 


V 


Oscillator Output Current 


'oosc 


-20.0 to 


mA 


Operating Temperature 


Top 


-25 to 100 


°c 


Storage Temperature 


TSTG 


-65 to 125 


"c 



* Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be 
restricted to the conditions as destailed in the operational sections of this data sheet. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Operating Temperature 


Supply Voltage 


Vcc 


5.0V ± 5% 


0°Cto+70°C 


TTL High Level Output Current 


loH 


-0.4 mA to mA 


TTL Low Level Output Current 


loL 


mA to 8 mA 


Receiver Input Voltage 


V,R 


OV to Vcc 


Driver Terminator 


Rld 


270^ 


Differential Load 


Rdld 


78^ 


Oscillator Terminator 


Rlosc 


330n and 33pF parallel* 


Crystal for Oscillator 


^XTAL 


100MH2±0.01%** 


Capacitor placed between C and RC pins 


Ctx 


470pF 


LC Tank 
Constant 


Inductance 


Lose 


0.15mH 


Capacitance 


Cose 


33pF* 



The values of the oscillator capacitors may have to be tuned for a particular components layout. Both capacitors should be 
adjusted for maximum voltage at OSC.IN. 

However, once the correct values are determined for that layout, any more tuning will not be necessary for each board. 
** 5th overtone series resonant. 
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DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 



Parameter 


Symbol 


Condition 




Value 


Unit 


Vcc(V) 


min. 


typ. 


max. 


High Level Input Voltage 


V,H 






2.0 






V 


Low Level Input Voltage 


V|L 










0.8 


V 


Input Clamp Voltage 


V,c 


l,L =-18mA 


4.75 


-1.5 






V 


High Level Output Voltage 


VoH 


loH = -0.4mA 


4.75 


2.7 






V 


Low Level Output Voltage 


Vol 


Iql =8mA 


4.75 






0.5 


V 


*i 
High Level Input Current 


Im 


V,H=2.7V 


5.25 






20 


ma 


*i 
Low Level Input Current 


l,L 


V,L=0.4V 


5.25 


-100 






UlA 


Output Short Current 


los 


Vo=OV 


5.25 


-100 




-20 


mA 


High Level Differential Input Voltage 


VlHD 


V,R+-V,R. 

DCLINK = OV 




0.2 






V 


Low Level Differential Input Voltage 


V,LD 


V,R.-V,R_ 

DCLINK = OV 








-0.2 


V 


High Level Differential Input Voltage 


V,HD 


V,R+-V,R_ 

DCLINK = 4.5V 




-0.05 






V 


Low Level Differential Input Voltage 


V,LD 


V,R+-V,R_ 

DCLINK = 4.5V 








-0.4 


V 


High Level Differential Input Voltage 


V,HD 


V,R+-V,R. 

DCLINK = 4.5V 




0.2 






V 


Low Level Differential Input Voltage 


V,LD 


V,R+-V,R. 
DCLINK = 4.5V 








-0.2 


V 


High Level Input Current 


'iHR 


V,R = 5.25V 
DCLINK = OV 


5.25 






0.7 


mA 


Low Level Input Current 


l,LR 


V,R=OV 


5.25 


-1.5 






mA 


DCLINK = OV 



Note: 1 : Applicable to TTL input pins. (TEN, TXD, LBC, DCLINK and RESET) 
2: Applicable to TTL output pins. (TCKN, RXD, RCKN, XCOL and XCD) 
3: Applicable to COL± and RXDATA±. 

4: Applicable to RXDATA± while XCD output is low (idle state) and COL±. 
5: Applicable to RXDATA± while XCD output is high. 
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DC CHARACTERISTICS (Cont'd) 



Recommended operating conditions unless otherwise noted.) 












Parameter 


Symbol 


Condition 




Value 


Unit 


Vcc(V) 


min. 


typ. 


max. 


High Level Output Voltage** 


Vqhtx 




5.0 




4.1 




V 


Low Level Output Voltage** 


Vqltx 




5.0 




3.3 




V 


High Level Differential Output 
Voltage*! 


VOHD 


Vo+-Vo_ 
DCLINK = OV 




0.55 




1.0 


V 


Low Level Differential Output 
Voltage** 


VOLD 


Vo+ - Vo- 
DCLINK = OV 




-1.0 




-0.55 


V 


Oscillator Reference Voltage *2 


Vbb 




5.0 




3.7 




V 


High Level Input Current*^ 


1 

MHO 


V,H=4.1V 


5.0 






150 


/iA 


High Level Output Voltage*"^ 


VoHO 


OSC.IN is open 


5.0 




4.15 




V 


Low Level Output Voltage *"* 


VOLO 


V.osc =4.1V 


5.0 




3.3 




V 


RC Internal Resistor 


Rrc 


Vrc=0.5V 


0.5 


25 


50 


100 


k^ 


Power Supply Current 


Ice 


All signal pins 
are open. 


5.25 






220 


mA 



Note: 1 : Applicable to TXDATA±. 

These pins are connected to ground through 270^ resistor. And 78!^ resistor is placed between these pins. 
2: Applicable to OSC.REF. 
3: Applicable to OSC.IN. 
4: Applicable to OSC.OUT. 

This pin is connected to ground through a 33012 resistor. 
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AC CHARACTERISTICS 

TRANSMIT TIMING 

(Recommended operating conditions unless otherwise noted. Vcc-5.0V) 



Parameter 


Symbol 


Condition 




Value 


Unit 


Fig. 


min. 


typ. 


max. 


TCKN Cycle Time 


tctTC 




2,3 


99.99 


100.00 


100.01 


ns 


TCKN Low Time 


twLTC 




2,3 


40 


50 




ns 


TCKN High Time 


twHTC 




2,3 


40 


50 




ns 


TXDATA± Encode Time 


tpdTX 




2,3 
5,6 




95 




ns 


TXDATA± Output Rise Time 


trTX 




5,6 




2.0 




ns 


TADATA± Output Fall Time 


tfTX 




5,6 




2.0 




ns 


TXDATA- Low Level Hold Time 


tLTX 


C-rx = 470pF 
DCLINK = Vcc 


5,6 




3 




MS 


TXDATA- Idling Rise Time 


trITX 


Ctx = 470pF 

(20% ~ 80%) 
DCLINK = Vcc 


5,6 




0.8 




MS 


TXD, TEN Setup Time 


UuTX 




4 


20 






ns 


TXD, TEN Hold Time 


thdTX 




4 









ns 



TRANSMIT TIMING DIAGRAM 

(START OF PACKET) (END OF PACKET) 



TEN 
TXD 

TCKN 




twLTC VhTC 



TXDATA- 

TXDATA +- 
(Differential) 0- 
last bit=0 _ 

TXDATA 
(Differential) 



J 






/ \50% 



-tLTX- 



,^sp% 



\j\r\X-J~u 

lastbit = 1 \ I \ I 



RC 



Note: DCLINK = L 
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AC CHARACTERISTICS (Cont'd) 

RECEIVE TIMING 



(Recommended operating conditions unless otherwise noted. Vcc=5.0V) 










Parameter 


Symbol 


Condition 




Value 


Unit 


Fig. 


min. 


typ. 


max. 


RCKN Cycle Time in Idle 


tctRC 




2,3 


99.99 


100.00 


100.01 


ns 


RCKN Low Time 


twLRC 




2,3 


35 


50 




ns 


RCKN High Time 


twHRC 




2,3 


35 


50 




ns 


RCKN Delay Time 


tpHLRC 




2,3,7 




120 




ns 


XCD ON Delay Time 


tpLHCD 




2,3,7 




80 


110 


ns 


XCD OFF Delay Time 


tpHLCD 




2,3,7 




230 




ns 


XCD Low Hold Time 


thdLCD 




2,3 





10 




ns 


XCD High Hold Time 


thdHCD 




2,3 




120 




ns 


XCD Low Setup Time 


tsuLCD 




2,3 




80 




ns 


RXD Setup Time 


^suRXD 




2,3 


20 


60 




ns 


RXD Hold Time 


thdRXD 




2,3 


10 


20 




ns 



Differential 

RXDATA 

(ideal) 

Differential 

RXDATA 

(distorted) 

XCD 

RCKN 

RXD 


(STAR 

1 St edg 

+ ^ 

^ 

+ -- Tl 


RECEIVE TIMING DIAGRAM 

r OF PACKET) 8th edge 

e (1) (0) (1) (0) (1) (0) ( (1) (0 


) 


(1) (0 


) 


ill] 


\\\ III \\\ III \\\ II w 


iL J// \! 


\\ ii 






: 






I 


i V 


^wHRC ^wLRC 




— — jf— — ihdLCD 




j-^ 


Wmmm // «~7H...c^iccinn ^ 




1 










1- "^l ^hdRXD 



Note 


/ \ / \ / \ /■ "■ 

1 

Threshold manipulation in AC coupled operation 
Decoupled operation 


V 


"^ Jr- 
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FUJITSU 
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AC CHARACTERISTICS (Cont'd) 



RECEIVE TIMING DIAGRAM (Cont'd) 



Differential 
RXDATA 
(ideal) 



(END OF PACKET) 

(1) (1) (0) (0), 



/ last data edge 



I— ■ tpHLCD p- 



RCKN 




thdHCD 



tsuLCD 



1 clock missing 



tctRC 



Threshold nnanipulation in AC coupled operation 
' DC coupled operation 



^wLRC 



^wHRC 
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FUJITSU 



MB 502A 



AC CHARACTERISTICS (Cont'd) 

LOOPBACK TIMING 

(Recommended operating conditions unless otherwise noted. Vcc=5.0V) 



Parameter 


Symbol 


Condition 




Value 


Unit 


Fig. 


min. 


typ. 


max. 


LBC Receiving Data Purge Time 


tpgLBC 




2,3,4 




230 




ns 


LBC Receiving Data Accept Time 


tacLBC 




2,3,4 




80 




ns 


DATA Through Time 


tpHLTRU 




2,3,4 




280 




ns 


TEN Wait Time 


"^wtEN 




2,3,4 









ns 



In Loopback mode operation, COL± and RXDATA± inputs are ignored, TXDATA+ and XCOL are high level and XCD, RCKN 
and RXD functions are in the same manner as a normal receive operation. 



LOOPBACK TIMING DIAGRAM 



LBC J 


















~* 


k 






— tpgLBC — — 


j 


-* tvvtEN 






TEN 


i 






" > 


c 














TXD 


U 


f 


\-«— 


h 








^r^ 




*suTX 


T 


A_/ 


^ 










tacLBC 

\ 




XCD - 


[. 




J 








" \ 





mmmmmmmmmmmmsmm 



RCKN ^^^^^^^^^^^ 

* Note 1 

RXD mmmnium 



"vy 



r\ — / ^^ 




Note 1: When RXDATAt are receiving a packet at LBC rising, the received data Is not complete. 

Note 2: When RXDATA± are receiving a packet at LBC falling, the packet nnay hot be decoded correctly. 
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AC CHARACTERISTICS (Cont'd) 

COLLISION TIMING 

(Recommended operating conditions unless otherwise noted. Vcc=5.0V) 



Parameter 


Symbol 


Condition 




Value 


Unit 


Fig. 


min. 


typ. 


max. 


COLtoXCOL 
Propagation Delay Time 


tpLH 




2,3,7 




9 


30 


ns 


DCLINK = OV 


COLtoXCOL 
Propagation Delay Time 


tpHL 




2,3,7 




11 


30 


ns 


DCLINK = OV 



Differential q. 
COL 



XCOL 



Note: 



COLLISION TIMING DIAGRAM 




Threshold manipulation in AC coupled operation 
• DC coupled operation 



5-14 



Ill 

FUJITSU 

lllllll MB 502A 



AC CHARACTERISTICS (Cont'd) 



AC TEST CONDITIONS 



Fig. 2 TIL OUTPUT LOAD CIRCUIT 



PL OUTPUT— f 



-n- 



im 



) Vcc (+5V) 



1N3064x4 
(or Equivalent) 



RL=2kn 
Cl = 15pF 
(including jig capacitance) 



Fig. 3 TTL OUTPUT WAVEFORM 




1.5V 




1.5V 



Threshold voltage = 1 .5V 




1.5V 



Fig. 4 TTL INPUT WAVEFORM 






^1.5V 



-90% 



90%\ 
1.5vX 



V,H = 3V, V,L = OV 
tr = tf = 10ns 
Threshold voltage = 1 .5V 



-1.5V 
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AC CHARACTERISTICS (Cont'd) 



AC TEST CONDITIONS (Cont'd) 



Fig. 5 TXDATA± OUTPUT LOAD CIRCUIT 



TXDATA+ 




Rt= 2ion 



Fig. 6 TXDATAi OUTPUT WAVEFORM 



80% 
50% 





80% 
50% 



Fig. 7 RXDATA+, COL+ INPUT WAVEFORM 




2.5V 



20% 



20%: 




2.5V 



V,H=3.5V,V,L= 1.5V 
tr=tf = 2.0ns 

RXDATA-, COL- Input voltage = 2.5V (DC) 
DCLINK = OV (DC coupling) 



:2.5V 
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TYPICAL CHARACTERISTICS CURVES 



Fig. 8 



-0.6 


TXDATAi 
Output Voltage v< 


. Output Current 


> 1 1 
Ta = 25°C 1 1 




^ 




oltage (V 
b 


vc 


u ^ 




M 




Vo^ 


H 




^^ 


'^ 














3 

a -1.4 

3 

o 








/VgnD=-4.5V 










^Vc3ND = -5.5V 




o 
>-,.8 

o 
> 

-2.2 


\ 


Jov.. 






, 


-^ 


^ 




^ 






^ 




^ 


^ 













Fig. 10 



-60 -40 -20 

Iq Output Current (mA) 



TTL-OUTPUT 

High Level Output Current vs. 
High Level Output Voltage 






Tt 


— OR 


'c 






^ 


^ 


>^ 








u 








^0 


y 


^ 


^ 


^^ 


/cc 


= 4.5 


^ 




^ 


y 




On 


/cc = 5V 

/^<^ = 5 5 
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Fig. 9 

0.8 

0.6 

< 0.4 
E 

^ 0.2 

0) 

a -0.2 

c 

J -0.4 

-0.6 
-0.8 

Fig. 11 



RXDATA±, COL± 

Input Current vs. Input Voltage 





1 1 

Ta = 25°C 














V 


CC- 


5V 
























><^ 


^ 










= Vcc^ 


s^ 






DCLINK = 

1 






^ 


^, 


r 










ov 






.^ 


^ 


^DULIIMN - 
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^ 

































2 4 6 

V|N Input Voltage (V) 



TTL-OUTPUT 

Low Level Output Current vs. 
Low Level Output Voltage 



ID 


Ta 


1 
= 25°C 




/ 








12 


Vc 


;c = 


5V 




/ 
















/ 








8 








\ 


' 














/ 










4 








/ 














i 


/ 

















/ 













2 4 6 8 

Vqh High Level Output Voltage (V) 



0.2 0.4 0.6 0.8 

Vql Low Level Output Voltage (V) 



Fig. 12 



TTL-INPUT 

Input Current vs. Input Voltage 



Fig. 13 





Ta 


t 

- 25°^ 






















c-d 










^ 


^ 


^ 


^ 


F- 










1 






\\ 


x:;^ 


:c = 4.5V 

_ _ — c\/ 
















;^C =5.5V 

























































12 3 

V|N Input Voltage (V) 



OSC.IN 

Input Current vs. Input Voltage 



bU 


Ta 


1 
= 25°C 












40 


V( 


:c = 


5V 







































/ 








[ 


































-40 


















-80 



















2 4 6 

V||Nj Input Voltage (V; 
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Fig. 14 

COL± to XCOL TRANSFER (Receiver Threshold) 

Output Voltage vs. Differential Input Voltage 



o 
> 



6 


Ta 


= 9f^ 


°r 












RL = 5kntoGND 








4 


D( 


;lin 


K = C 


)V 


















^, 










» 








2 










\ 


;;Vcc = 5'.5V 












k Vut; bV 

Vcc = 4.5V 



































1 1 1 1 

Vdiff = VcoL+-VcOL- 





-0.4 -0.2 0.2 0.4 

Vdiff Differential Input Voltage (V) 



Fig. 15 

COL± to XCOL TRANSFER (Receiver Threshold) 

Output Voltage vs. Differential Input Voltage 



o 
o 
> 



6 


Ta 


= 2E 


°C 












RL = 5kntc 


)GNU 










DCLINK = \ 


4 
























N. 






, 








\ 


Nil ■ - 








2 








\ 


&^ 


cc - 


.si 










Vvcc = 5V 1 

^Vrr = 4.5V 





























Vc 


iff = 

1 1 


VCOL-.- 

1 


VCOL- 





-0.4 -0.2 d 0.2 0.4 

Vjjjff Differential Input Voltage (V) 



Fig. 16 

TTL-INPUT THRESHOLD 

TTL Input Threshold vs. Power Supply Voltage 



3 


Ta 


1 1 

= 0~70°C 

1 












LE 


C^ 


xco 










2 






































— 


































































4.2 4.6 5 5.4 

Vcc Power Supply Voltage (V) 



5.8 



Fig. 18 

TXDATA- LOW LEVEL HOLD TIME 
TXDATA- Low Level Hold Time 
TXDATA- Idling Rise Time ^s. Rv. capacitance 

P 3 
±1-12 



^ I 8 
X X 



Fig. 17 

RC to TXDATA- TRANSFER 
Output Voltage vs. RC Input Voltage 

-o.6r 




-1.8 -1.4 -1.0 -0.6 -0.2 

Vrc RC Input Voltage (V) 

Fig. 19 

COLitoXCOL PROPAGATION DELAY TIME 

Propagation Delay Time vs. 

Ambient Temperature 



Ta 


= 7F 


°c 












Vcc = 5V 
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L*l_ll\l 




^cc 
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^y 
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400 800 1200 

Cjx f^C Capacitance (pF) 
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4U 

30 

20 

10 



















p 


C|_- lopr 
RL=2kn 












to 


D 


ULIN 


K = 1 


IV 










c 
.2 








/ 


^cc= 


=4.75 


V 




& 

a 






/ 


(/ 


?Vcc ^ 
/Vcc = 


5.25\ 
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a. 




IpHL 


xA 


M 


s 
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4-' 
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pLH- 
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20 40 60 

Ta Ambient Temperature (°C) 
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APPLICATION INFORMATION 



Fig. 20 TYPICAL APPLICATION CIRCUIT 



Vcc 

(+5.0V) 7on son 



X 

I 



C = 470pF 



C = 33pF 



Rl =330n 

AVV -^ 



Tfr 

L = 0.15)uH 



I Xtal (100MHz) 



d 
-d 



±:C = 33pF 



-Q 



C = 0.01mF^ Vcc 

nr 
1 

TEN-* 



— Q 



EDLC 
MB8795B 



TXD- 
TCKN^ 

RXD- 
RCKN- 



XCOL-^ 
XCD-*- 
LBC^ 



iT 



RC 

c 

NC 



^W 



MB 502A 



Vcc 
COL- 

COL+ 



2TH f 



^3] - 



1 39n:f 



OSC.OUT TXDATA- 

OSC.IN TXDATA+ 



TH J RL=270n 
20] - 



rr OSC.REF RXDATA- 

RXDATA+ 



1^ 



RESET 
TEN 



fT TXD 



TCKN 

RXD 

GND 



DCLINK 
LBC 
XCD 



XCOL T4] - 



RCKN 



39fi = i 



Ozo=7 



I VW^ ^ 

RL= 27012 



39I2:[ 



3912 n 



' Vcc 



270n 
— \WJ 



PIN 2 



PIN 10 



:^0.1mF 
W 



16 



13h 



Note: 39X7 resistors must be balanced less than 1%. 



PIN3 
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Fig. 21 TYPICAL COMPONENT LAYOUT 



O-Q-O 



SIP 

RESISTER 

270n 



ooo 




Note: The faces (a) and (b) must be the stortest possible. 
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PACKAGE DIMENSIONS 



24LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-24C-C01) 



A. 



025(0.64) 
REF 



nnnnnnnnnnnn 



uuuuuuuuuuuu 

1.200(30.48) 



1.300(33.02) 
-.100(2.54)MAX 



.514(13.06) 
.541(13.74) 



.600(15.24) 
.625(15.88) 



.600(1 5.24) TYP 



.014(0.36) 



.090(2.29) 



.110(2.79) 




032(0.81) 
■"TYP 



1.100(27.94)REF 
.042(1.06) 
.062(1 .58) 



.230(5.84)MAX 



.120(3.05) 
.150(3.81) 



.020(0.51) 
.050(1.27) 



.015(0.38) 



.023(0.58) 



Dimensions in 
inches (nnilllmeters) 
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Preliminary 



Advanced Products 



FUJITSU 



MB8795B 

Ethernet Data Link Controller 



Description 



Features 



The Fujitsu MB8795B Ethernet Data Link Controller (EDLC) 
manufactured with Fujitsu's Advanced CMOS Technology, is 
designed for Ethernet* Local Area Network Systems and to 
be used with Fujitsu's MB502A Ethernet Encoder/Decoder 
(EED). 

The MB8795B EDLC provides the user with a low power imple- 
mentation of the Data Link Layer of the Ethernet Blue Book 
Specification. High throughput is possible via the separate data 
ports, while low cost implementations are also possible by tying 
the ports together. 

The host system communicates with the MB8795B EDLC using 
the command and status registers accessed through the control 
port. Functions provided include complete transmit and receive 
control, and interrupt masking. 



■ Implementing Ethernet Blue 
Book Specification 

■ Function to generate and 
remove preamble and CRC 

■ Conversion between serial 
and parallel Data 

■ Four modes of address 
recognition 

Accept no packet, Physical 
Address/Multicast-group 
Address/Broadcast Address, 
Physical Address/Multicast 
Address, Accept all packets 



■ Random exponential backoff 
to recover from collisions 

■ Three separate data ports 
providing flexible interface; 
Transmit, Receive, Control 
Ports 

■ Optional parity check on 
transmit byte stream 

■ Odd parity generated for 
receive byte stream 

■ Low power, advanced silicon 
gate CMOS technology 

■ Space saving 64-pin pin 
grid array package 



Note: * Ethernet is a trademark of Xerox Corp. 
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Ceramic Package 
PGA-64C-A02 
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Block Diagram 



PHYSICAL LAYER INTERFACE 



TRANSMIT 
PORT 



TRANSMIT 

FIFO 

CONTROL 



TDo- 



2 BYTE 
ASYNC. 
FIFO 



J5^^<M- 



TCKNJ 



Ti rt 

i[txd I xc 



XCD 
XCOL 



TRANSMIT 
PARALLEL/ 
SERIAL 
CONVERTER 



TRANSMIT 
CRC 



TRANSMIT 

STATE 

MACHINE 



RCKN I 

iRXD 



LBC 



RECEIVE 
SERIAL/ 
PARALLEL 
CONVERTER 



6 BITE 

ADDRESS 

RAM 



RECEIVE 

STATE 

MACHINE 



4 BYTE 

CRC 

TRAP 



6 BYTE 
ASYNC. 
FIFO 



RDo- 
RD7 



4^ 



->5Bia. 



RECEIVE 
PORT 



COMMAND/STATUS/INTERRUPT 



-TTT 

WRA, , i ^ 



RDA, 
RDB„ 
RDci SAO-3 lpDO-7 



l'J'3 I4K 



"►RINT 
► TINT 



CONTROL PORT 



Pin Assignment 



TRANSMIT GROUP. 
DATA 



TRANSMIT GROUP 
CONTROLS 



/— PHYSICAL /— MiSCELL 
/ LINK / GROUP 
/ GROUP / 



MISCELLANEOUS 




CONTROL GROUP 
CONTROLS 



CONTROL GROUP 
DATA 



CONTROL GROUP 
ADDRESS 



RECEIVE 
GROUP 
DATA 



FUJITSU 
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Pin Assignment 

(Continued) 



PIN 
No. 


I/O 


Pin 
Name 


PIN 
No. 


I/O 


Pin 
Name 


PIN 
No. 


I/O 


Pin 
Name 


PIN 
No. 


I/O 


Pin 
Name 


1 





TEM 


17 




WRC 


33 


1 


TD2 


49 


I/O 


I0D6 


2 


o 


RRDY 


18 




WRB 


34 


1 


TDO 


50 




RDA 


3 


1 


RSTB 


19 




CE 


35 


o 


TPOK 


51 




RDB 


4 


o 


RDO 


20 




WRA 


36 


1 


TSTB 


52 




RDG 


5 


o 


RD2 


21 





TINT 


37 


o 


RDIS 


53 




RST 


6 





RD3 


22 





RINT 


38 


1 


ROEN 


54 


Vss 


GND 


7 


o 


RD5 


23 


o 


PRST 


39 





RD1 


55 




RGKN 


8 





RD7 


24 





TM 


40 


Vss 


GND 


56 




XCOL 


9 


o 


RPAR 


25 


1 


RXD 


41 





RD4 


57 




XCD 


10 


1 


SA1 


26 


1 


TCKN 


42 


o 


RD6 


58 


O 


LBC 


11 


1 


SA3 


27 





TXD 


43 





REOF 


59 




TEOF 


12 


I/O 


lODO 


28 


o 


TEN 


44 


1 


SAO 


60 




TD6 


13 


I/O 


I0D2 


29 


1 


TPAR 


45 


1 


SA2 


61 


Vdd 


Vcc 


14 


I/O 


I0D3 


30 


1 


TD7 


46 


I/O 


IOD1 


62 




TD3 


15 


I/O 


IOD5 


31 


1 


TD5 


47 


Vdd 


Vcc 


63 




TD1 


16 


I/O 


I0D7 


32 


1 


TD4 


48 


I/O 


I0D4 


64 





TRET 



Absolute Maximum Ratings 



Value 



Rating 


Symbol 


Min. Max. Unit 


Supply Voltage 


Vcc 


GND - 0.3* 7.0 V 


Input and Output Voltage 


V,, VouT 


GND -0.3* Vcc + 0.3* V 


Storage Temperature 


"•"STG 


-55 150 °0 


Operating Temperature 


Top 


70 °C 



Note: *0.3 V is for stable state. For transit state, 0.5 V is allowed. (20 to 30 nsec.) 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional 
operation should be restricted to the conditions as detailed in the operational sections of this data sheet. 



Capacitance 

(Ta = 25°C, Vcc = V| = GND = OV, 
f = 1 MHZ 



Value 



Parameter 


Symbol 


Min. 


TVP- 


Max. 


Unit 


Input Capacitance 


C|N 






8 


PF 


Output Capacitance 


CqUT 






8 


PF 


Bus Capacitance 


C|/o 






12 


pF 



Recommended 
Operating Conditions 



FUJITSU 



Value 



Parameter 


Symbol 


Min. 


lyp. 


Max. 


Unit 


Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Operating Temperature 


Top 







70 


°c 
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DC Characteristics 



Value 



Parameter 


Symbol 


Min. IVp. 


Max. 


Unit 


Power Supply Current 

(For Stable State; V,h = Vqc, V,l = GND) 


Ice 





0.1 


mA 


Output High Voltage (Iqh = -0.4mA) 
Output Low Voltage (Iql = 2mA) 


Vqh 
Vol 


4.0 
GND 


Vcc 
0.4 


V 
V 


Input High Voltage 
Input Low Voltage 


V,H 
V,L 


2.2 


0.8 


V 
V 


Input Leakage Current (V| = OV to Vcc) 
Input Leakage Current for Bus Pins 
(V, = OV to Vcc) 


111 
Ilz 


-10 
-40 


10 
40 





AC Characteristics 



Control Register Read Timing 



Value 



Parameter 


Symbol 


Min. 


IVp. 


Max. 


Unit 


Read Pulse Width 

Read Address Pulse Width 


^RW 


35 
35 






ns 
ns 



Read Access Time (Cl = 80 pF) 

Read Address Access Time (Cl = 80 pF) 

Read Turn-off Delay Time (Cl = 80 pF) 

Read Address Turn-off Delay Time 

(Cl = 80 pF) 



tRA 




110 


ns 


tRAA 




150 


ns 


tRZ 


10 




ns 


^RAZ 


20 




ns 



tA 



Address Register Read Access Time 

(Cl = 80pF) 

Address Register Read Address Turn-off . 

Delay Time (Cl = 80 pF) Urraz 

Address Register Read Address Setup Time t^RRAs 

Address Register Read Address Hold Time t^RRAH 



20 

15 
90 



300 



ns 
ns 



FUJITSU 



Control Register Write Timing 



Value 



Parameter 


Symbol 


Min. 


TVP. 


Max. 


Unit 


Write Pulse Width 


tww 


35 






ns 


Write Address Set-up Time 
Write Data Set-up Time 
Write Address Hold Time 
Write Data Hold Time 


twAS 
^WDS 

Wah 

twDH 


30 
15 
40 
80 






ns 
ns 
ns 
ns 



Test Pin Delay Time (Cl = 50 pF) 

Transmit Status Register Reset Delay Time 

(Cl = 50pF) 

Receive Status Register Reset Delay Time 

(Cl = 50 pF) 

Reset Register Reset Delay Time 

(Cl = 50 pF) 



150 


ns 


150 


ns 


150 


ns 


220 


ns 
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MB8795B 



AC Characteristics 

(Continued) 



Transmit Timing 



Value 



Parameter 


Symbol 


Min. 


lyp. 


Max. 


Unit 


TSTB Pulse Width 
TCKN Pulse Width 
TCKN Frequency 


tjSTBW 
trCKNW 
^TCKN 


35 
35 




10.2 


ns 
ns 
MHz 


Transmit Data Set-up Time 
Transmit Data Hold Time 


^TDS 
tjDH 


20 
25 






ns 
ns 



TEM Delay Time High (Cl = 50 pF) tjEMH 

TEM Delay Time Low (Cl = 50 pF) tjEML 

TEM Delay Time Low (Sync.) (Cl = 50 pF) tjE^Ls 

TEN Delay Time (Cl = 50 pF) tjEN 

TXD Delay Time (Cl = 50 pF) tjxo 

TPOK Delay Time (Cl = 50 pF) tjpoK 

TRET Delay Time (Cl = 50 pF) tjRET 

TINT Delay Time (Transmit) (Cl = 50 pF) tjiNTT 



100 


ns 


150 


ns 


170 


ns 


55 


ns 


70 


ns 


150 


ns 


140 


ns 


160 


ns 
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Receive Timing 



Value 



Parameter 




Symbol 


Min. 


TVP. 


Max. 


Unit 


RCKN Pulse Width 
RCKN Frequency 
RSTB Pulse Width 
ROEN Pulse Width 




^RCKNW 
fpCKN 
tpSTBW 
tpOENW 


35 

35 
35 




10.2 


ns 

MHz 
ns 
ns 


Receive Data Set-up Time 
Receive Data Hold Time 


tpDS 
tpDH 


20 
10 






ns 
ns 



RRDY Delay Time High (Sync.) (Cl 
Receive Data Delay Time (Sync.) (Cl 
RRDY Delay Time High (Cl = 50 pF) 
RRDY Delay Time Low (Cl = 50 pF) 
Receiv e Data Delay Time (Cl = 50 pF) 
ROEN Access Time (Cl = 50 pF) 
ROEN Turn-off Delay Time (Cl = 50 pF) 
RDIS Delay Time (Cl = 50 pF) 
PRST Delay Time (Cl = 50 pF) 
RINT Delay Time (Cl = 50 pF) 
TINT Delay Time (Rev) (Cl = 50 pF) 



50 pF) 
50 pF) 



^RRDYHS 

tpDDS 

tpRDYH 

tpPDYL 

tpD 



10 

10 



tpiNT 
triNTP 



650 


ns 


650 


ns 


100 


ns 


65 


ns 


100 


ns 


80 


ns 




» ns 


120 


ns 


120 


ns 


160 


ns 


190 


ns 
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Functional Description 



The MB8795B EDLC is 
designed as two distinct 
sections, a transmitter and a 
receiver. Each section provides 
a small amount of 
asynchronous buffering, 
provisions for byte parity 
(which can be ignored), 
preamble generation/stripping, 
CRC generation/checking, 
and conversion between serial 
and parallel data. In addition, 
the transmitter provides 
contention resolution by 
means of binary exponential 
backoff. Finally, the receiver 
provides various modes of 
address recognition. 

Transmitter 

The block diagram on page 2 
shows the various functions 
the transmitter performs. 

Asynclironous FIFO 

A two-byte FIFO provides a 
minimum amount of elastic 
buffering for the transmit byte 
data. Two signals are used for 
the byt e con trols. The first 
signal, TEM, indicates that the 
input register i s full. T he 
second signal, TSTB, is the 
input register data strobe. On 
the rising edge of this strobe 
Input, the eight data bits, the 
parity bit and the 'end of frame' 
(TEOF) bit are latched into the 
Input register. Strobes are 
ignored while the register is 
full. 

The TRET signal indicates 
that a collision has occurred 
and that the packet in 
progress should be restarted. 
The buffer management 
would typically flush any 
buffers and reset its pointers 
to the beginning of the packet. 
Note that on the block diagram 
the asynchronous FIFO is 
cleared by this signal. 

The TPOK signal indicates 
that successful transmission 
of the packet has been 
completed and the transmitter 
is ready for the next packet. 
This signal goes high when 
transmission of the packet is 
complete. 

Note: The TPOK signal remains 
low long enough after the last byte 
is strobed into the FIFO, so the 
FIFO can be ennptied and the ORG 
appended. Therefore the buffer 
management must remain 



prepared to reset its pointers in 
the case of a late collision. 

Transmit Parallel/Serial 
Conversion 

This section has a shift 
register for parallel to serial 
data conversion, a preamble 
generator, and a sychronization 
circuit for the collision and 
carrier detect signals. Also 
included Is the optional 'ODD' 
parity check that is performed 
on the byte data supplied to 
the CRC generator. The parity 
check provides added security 
against internal chip failures 
due to undetected bad data 
transmissions. 

Transmit CRC 

The 32-bit CRC generator as 
defined in the Ethernet 
Specification. 

Baclcoff 

A pseudo-random number 
generator (17-bits), clocked at 
the bit rate so that distances 
between stations becomes 
part of the randomizing 
function, is sampled at the time 
of collision and counted down 
at the slot-time rate (512-blts) 
defined in the Ethernet speci- 
fication, which provides a 
binary exponential backoff 
from collisions. 

Transmitter State l\/iacliine 

The state machine provides 
the major sequencing of 
events for the transmitter 
including idle, preamble, data, 
CRC, interframe gap, jam, and 
backoff. It also provides 
indicators for various error 
conditions. 

Receiver 

Refer to the block diagram for 
the relation of the sections. 
(See page 2). 

Asynchronous FIFO 

A six byte FIFO is provided so 
that when in diagnostic mode 
a minimum size packet (6 byte 
destination address and 4 byte 
CRC) can be received even in 
systems where the buffer 
management is half duplex. 
The data, parity and 'end of 
frame' bit are tri-stated with 
signal ROEN, a low true 
enable. The 'receive byte 



ready' (RRDY) indicates a byte 
is available to the host system. 
RSTB is a low true clock 
whose falling edge causes 
RRDY to be false and whose 
rising edge causes the data in 
the register to be removed. 
See the timing charts for 
further clarification. 

CRC Trap 

All received bytes are delayed 
by four bytes so that the last 
bytes of the received packet 
(CRC) can be removed. After 
four bytes are received the 
trap will put one byte into the 
asynchronous FIFO for each 
subsequent byte received, 
thereby always maintaining 
four bytes in the trap. At the 
'end of frame' the four bytes in 
the trap are the CRC and they 
are never put into the 
asynchronous FIFO. 

Receive Serial/Parallel 
Conversion 

This section has a shift 
register for data serial to 
parallel conversion, a circuit 
to recognize the end of 
preamble, and an odd parity 
check circuit. 

Receive CRC 

The 32-bit CRC checking 
register and comparison logic 
as described in the Ethernet 
specification. 

6 Byte Address RAM 

A 48-bit storage RAM used for 
comparing with the Destination 
Address Field of the incoming 
packets (the first 48 bits after 
the preamble). 

Receiver State IVIachine 

The state machine provides 
the major sequencing through 
the receiver states including 
idle, address recognition, 
data, and holding as a 
discarded packet completes. It 
also provides indicators of 
various error conditions. 
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Functional Description 

(Continued) 



Command/Status/Interrupt 

This section has fifteen 
registers, a register address 
decoder, and gating for 
interrupt conditions. Each 
register is one byte length. 
The host system communicates 
with the MB8795B EDLC using 
these registers accessed 
through the control port. 



Interrupt conditions are 
defined by setting the registers 
of Transmit Marks and Receive 
Masks. 

Register Description 

The Register in the MB8795B 
EDLC can be accessed via the 
control port with their address 
assigned by the signals 



SAO-3. (SAO represents the 
LSB of the address.) The 
address signals SAO-3 are 
activated by both the chip 
enable signal CE an d, wri te 
signals WRA, WRB, WRC. or. 
read signals RDA, RDB, RDC. 
A brief description of each 
register is given in the table 
below. 



Register Description 



RD 



XM IT STATUS 



RDY 

For 

PKT 



NET 
BUSY 



XMIT SHORT- UNDER- 



RECVD ED 



FLOW 



COLL 



16 
COLL 



PAR 
ERR 



WR - 



CLR 
UNDER- 
FLOW 



CLR 
COLL 



CLR CLR 

16 PAR 

COLL ERR 



XMIT 
MASKS 



MASK 
RD/WR STATUS 
7 



MASK 

STATUS 

5 



MASK MASK MASK MASK 
STATUS STATUS STATUS STATUS 
3 2 10 



RD 



PKT 
OK 



RESET SHORT ALIGN CRC 
PKT PKT ERR ERR 



2 REC STATUS 



OVER- 
FLOW 
ERR 



CLR 

PKT — 



CLR 
ERR 



CLR 
ERR 



CLR 
ERR 



CLR 
ERR 



REC 
MASKS 



MASK 
RD/WR STATUS 
7 



MASK MASK MASK MASK MASK 
STATUS STATUS STATUS STATUS STATUS 
4 3 2 10 



TMODE+ 
4 COLL RD/WR 

ATTEMPT 



5 RMODE RD/WR 



IGNORE 



TM 



LBC 



DIS- 
ABLE 
CONTNT 



Collision Attempts, Read Only 



TST 
CRC 



ADD 
SIZE 



ENA 
SHORT 



ENA 
RST 



ADD 
ENA1 



ADD 
ENAO 



6 RESET 



Only 



RESET — 
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TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO 
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Register Description 
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7 


6 


5 4 3 2 


1 







8th 
BIT 
A.R 


7th 
BIT 
A.R 


6th 5th 4th 3rd 
BIT BIT BIT BIT 
A.R A.R A.R A.R 


2nd 
BIT 
A.R 


1st 

BIT 
A.R* 


n 


8 NODEIDO RD/WR 

9 NODEID1 RD/WR 
A N0DEID2 RD/WR 
B N0DEID3 RD/WR 
C N0DEID4 RD/WR 
D N0DEID5 RD/WR 








First Byte After Preamble 








16th 
BIT 
A.R 


15th 
BIT 
A.R 


14th 13th 12th 11th 
BIT BIT BIT BIT 
A.R A.R A.R A.R 


10th 
BIT 
A.R 


9th 
BIT 
A.R 








Second Byte After Preamble 






48-Blt 


24th 
BIT 
A.R 


23rd 
BIT 
A.R 


22nd 21st 20th 19th 
BIT BIT BIT BIT 
A.R A.R A.R A.R 


18th 
BIT 
A.R 


17th 
BIT 
A.R , 


Ethernet 
Address 






Third Byte After Preamble 






1 
1 


32nd 

BIT 

A.R 


31st 
BIT 
A.R 


30th 29th 28th 27th 
BIT BIT BIT BIT 
A.R A.R A.R A.R 


26th 
BIT 
A.R 


25th 1 

BIT 

A.R 








Fourth Byte After Preamble 






1 
1 
1 


40th 
BIT 
A.R 


39th 
BIT 
A.R 


38th 37th 36th 35th 
BIT BIT BIT BIT 
A.R A.R A.R A.R 


34th 
BIT 
A.R 


33rd 1 

BIT 

A.R 


1 
1 






Fifth Byte After Preamble 






1 

1 
1 


48th 
BIT 
A.R 


47th 
BIT 
A.R 


46th 45th 44th 43rd 
BIT BIT BIT BIT 
A.R A.R A.R A.R 


42nd 

BIT 

A.R 


41st 1 

BIT 

A.R 
















E (RESERVED) 
^Multicast bit 














- 


- 


- - - - 


- 


- 
















- 


- 


TDR13 TDR12 TDR11 TDR10 


TDR9 


TDR8 
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(Continued) 



Transmit Status— Address OOH 

This register indicates the 
status of the transmitter. 



Bit? 

Read— Ready for Packet— A 
copy of the Transmit Packet 
Successful (TPOK) signal pin. 
For use in systems where the 
processor handles the trans- 
mit buffer management. 

Write— no effect. 

Bite 

Read— Net Busy— A copy of 
the Receive Carrier Detect 
(XCD) input. 

Write— no effect. 

Bits 

Read— Transmitted Packet 
was Received— Indicates that 
shortly after transmission was 
completed a good packet was 
received by the receiver. This 
is used to indicate self- 
reception of the packet, which 
allows the software to take 
advantage of the hardware 
address matching even in 
systems which are designed 
for half duplex operation. This 
bit is cleared as each 
transmission begins. 

Write— no effect. 

Bit 4 

Read— Shorted— Set if the 
Receive Carrier Detect (XCD) 
stops during packet trans- 
mission. Either a collision or 
shorted coax can cause the bit 
to be set. This bit is cleared as 
each transmission begins. 
—Write— no effect. 

Bits 

Read— Underflow— Set when 
data to be transmitted is not 
available to the parallel to 
serial converter before the 
converter is empty. Trans- 
mission is aborted immedi- 
ately while bytes will be 
accepted from the FIFO until 
an EOF is encountered. 

Write— 0, no effect; 1, clear the 
error condition. 



Bit 2 

Read— Collision— Set when a 
collision terminates trans- 
mission of a packet. 

Write— 0, no effect; 1, clear the 
error condition. 

Bit1 

Read— 16 Collisions— Set 
when the 16th collision for a 
single packet aborts trans- 
mission. Bytes are strobed 
through FIFO normally to 
discard the packet. 

Write— 0, no effect; 1, clear 
the error condition. 

BitO 

Read— Parity Error— Set 
when the parallel to serial 
converter detects a parity 
error in the data. If parity 
check is enabled transmission 
is aborted while the bytes 
continue to be strobed from 
the FIFO, until EOF. 

Write— 0, no effect; 1, clear 
the error condition. 



The interrupt conditions 
which define the signal at 
TINT are defined by setting 
the bits of this register. 

Bit 7— Rd/Wr— Gates 'Ready 
For Packet' 

Bit 6— no bit, read as 

Bit 5— Rd/Wr— Gates Transmit 
Received' 

Bit 4— no bit, read as 0. 

Bit 3— Rd/Wr— Gates 'Under- 
flow' 

Bit 2— Rd/Wr— Gates 'Collision' 

Bit 1— Rd/Wr— Gates '16 
Collisions' 

Bit 0— Rd/Wr— Gates 'Parity 
Error' 

Receive Status— Address 02H 

This register indicates the 
status of the receiver. 

Bit? 

Read— Packet OK— Set when 
CRC of a legal length packet 
received is correct. 

Write— 0, no effect; 1, clear the 
error condition. 



Bit 6 
not used 

Bits 
not used 

Bit 4 

Read— Reset Packet— Set 
when a packet is received 
successfully and the field 
type is 0900H. The bit is 
cleared at the beginning of the 
next packet reception. The bit 
is set only if the Node ID 
matches, not multicast or 
broadcast. Reset packets are 
recognized in any Address 
Match mode from NONE to 
PROMISCUOUS. 

Write— no effect 

Bits 

Read— Short Packet— Set if a 
packet does not meet the 
minimum length requirements 
of the Ethernet specification. 

Write— 0, no effect; 1, clear 
condition. 



Transmit IVIaslcs- Address 01 H Bit 2 



Read— Alignment Error— Set 
if a packet has bad CRC at the 
last octet boundary and the 
number of bits are not 
divisible by eight. 

Write— 0, no effect; 1, clear 
condition. 

Biti 

Read— CRC Error— Set if the 
CRC does not verify at the end 
of the packet. 

Write— 0, no effect; 1, clear the 
error condition. 

BitO 

Read— Overflow— Set if the 
internal asynchronous FIFO is 
full when a byte is available 
from the serial to parallel 
converter. 

Write— 0, no effect; 1, clear 
error condition. 
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Register Description 

(Continued) 



Receive Masks— Address 03H 

The interrupt conditions 
which define the signal at 
RINT are defined by setting 
the bits of this register. 

Bit 7— Rd/Wr— Gates 'Packet 
OK' 

Bit 6— no bit, read as 0. 

Bit 5— no bit, read as 0. 

Bit 4— Rd/Wr— Gates 'Reset 
Packet' 

Bit 3— Rd/Wr— Gates 'Short 
Packet' 

Bit 2— Rd/Wr— Gates 'Align- 
ment Error' 

Bit 1— Rd/Wr— Gates 'CRC 
Error' 

BitO— Rd/Wr— Gates 'Overflow' 

IVansmit Mode— Address 04H 

Bits 7-4 

Read Only — Collision Attempts 
— Indicates the number of 
collisions occured before the 
last packet was sent (or 
aborted). This is a testing aid 
as the number is cleared at 
the beginning of a subsequent 
transmission. 

Bits 

Rd/Wr— Ignore Parity— if set 
this bit prevents the setting of 
the Parity Error condition. 

Bit 2 

Rd/Wr— TM— A bit whose 
complement is available as 
signal pin TM. Intended to 
control the power to the trans- 
ceiver or any other function 
external to the chip. 

Bit1 

Rd/Wr— LBC— A bit whose 
complement is available as 
signal pin LBC. Intended to 
control the loopback function 
of the Encoder/Decoder or 
any other function external to 
the chip. 

BitO 

Rd/Wr— Disable Contention— 
When this bit is set the trans- 
mitter disregards Receive 
Carrier Detect. This special 
function would only be used if 
the MB8795B EDLC were 
used in a two wire point to 
point link, in true full duplex 



operation. In this case the 
Collision Detect signal (a low 
, level will inhibit the start of 
transmission) acts as carrier 
sense for the transmitter while 
collisionsduring transmissions 
are ignored. 

Receive Mode— Address 05H 

Bit 7 

Rd/Wr— Test Mode— For chip 
testing this bit: 

1) Inhibits the receiver from 
accumulating CRC. The last 
four bytes of a packet are 
shifted into the CRC register 
and checked without being 
modified. 

2) Changes the backoff 
algorithm so that the pseudo- 
random number generator is 
disabled and the number to 
backoff becomes 2"-^ +1, 
where n is the number of colli- 
sions. Also, the slot time is 
reduced to one (1) byte. 

Bite 
not used. 

Bit 5 
not used. 

Bit 4 

Rd/Wr— Address Size— When 
set this bit reduces the Node 
ID address match to 5 bytes 
instead of the normal 6. This is 
used where the node is per- 
forming some multiplex 
function on the least 
significant byte of the 
destination address. 

Bits 

Rd/Wr— Short Packet Enable— 
For testing, when this bit is set 
the receiver will successfully 
receive any packet of ten (10) 
bytes or more. This function is 
used in half duplex systems 
for the loopback check and 
can be used by all testing 
programs to reduce testing 
time. 

Bit 2 

Rd/Wr— Reset Enable— When 
this bit is zero, the checking 
done for the special type field 
is disabled. 



Bit 1-0 

Rd/Wr— Address Match Mode— 

• Mode 0— accept no packets 

• Mode 1— accept Node ID 
packets, multicasts which 
match the first three bytes 
of the Node ID packets, 
and broadcast packets. 

• Mode 2— accept Node ID 
packets, and all multicasts 
including broadcast of 
course 

• Mode S — promiscuous, 
accept all packets. 

Reset— Address 06H 

Bit 7 

Write Only— Reset— This latch 
is writeable and will hold the 
device in the reset state while 
set. It is set by the external 
reset pin RST being low. After 
power up the software should 
first initialize all the modes 
and masks, and then clear the 
reset. 

Bit 6-0 
not used 

TDR LSB— Address 07^ 

Bits 7-0 

Read Only— contains the least 
significant 8 bits of the TDR 
register which counts how 
many bits were successfully 
transmitted. Counting stops 
on collision or drop of carrier. 
Count is reset with each 
transmission. 

Node ID— Addresses 10-15H 

These 6 bytes are Rd/Wr and 
represent the address against 
which th frame addresses are 
matched during Address 
Match Modes 1 and 2. Bit of 
address 10H is equivalent to 
the multicast bit. 

TDR MSB— Address 17H 

Bits 7-6 
not used 

Bits 5-0 

Read Only— Contains the 
most significant six bits of the 
TDR register which was 
described above. 
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Interface Signal Description 

Power Group 

Vcc— '■5V power supply 
(two pins) 

GND— ground (two pins) 

Control Group 

CE (Chip enable, low active 
Input) 

This active low signal gates all 
control port reads and writes. 

RDA.RDB.RDC (Control read, 
Inputs) 

These two active high and one 
active low signals are ANDed 
with CE to form read signals 
inside the MB8795B EDLC. 

WRA,WRB,WRC (Control 
write, inputs) 

These two active high and one 
active low signals are ANDed 
with CE to form write strobes 
Inside the MB8795B EDLC. 
One of the signals is Intended 
to be a clock so that address, 
data, and other controls will 
be stable when the internal 
write is active. 

SAO-3 (Control port address, 
Input) 

These four signals address the 
16 possible registers of the 
MB8795B EDLC. SAO Is the 
least significant bit of the 
address. 

IODO-7 (Control port data, 3- 
state outputs and inputs) 

These eight signals are the bi- 
directional data used to read 
and write the 16 possible 
internal registers of the 
MB8795B EDLC. 

Transmit Group 

TDO-7 (Transmit data bytes, 
inputs) 

Eight bits of data to be 
transmitted. 

TPAR (Transmit data parity, 
input) 

Optional parity accompanying 
the transmit byte data. 

TEOF (Transmit data end of 
frame, input) 

Required data bit which signals 
the last byte of the frame. 
After the byte having this bit is 
sent, CRC transmission will 
start. 



TEM (Transmit byte register 
not empty, output) 

Indicates that the asynchro- 
nous FIFO has no room for a 
byte. 

TSTB (Transmit byte register 
strobe, positive edge-trigger 
input) 

Strobes the transmit data into 
the asynchronous FIFO. 

TRET (Transmit packet - 
retransmit packet, output) 

Indicates that a collision or 
underflow has occurred. 
Buffer management logic 
should discard any remaining 
bytes of the current packet 
and then restart transmission 
of the packet. 

TPOK (Transmit packet 
successful, output) 

Indicates to the buffer manage- 
ment that it will not be 
required to retransmit the 
current packet again and thus 
can proceed to the next packet. 



Receive Group 

RDO-7 (Receive data bytes, 3- 
state outputs) 

Eight bits of data being 
received. 

RPAR (Receive data parity, 3- 
state output) 

Odd parity computed on the 
incoming data stream. 

REOF (Receive data end of 
frame, 3-state output) 

A tenth data bit which accom- 
panies the last byte of the 
frame, which is only present If 
reception was successful. 
Successful reception means 
that a packet had good CRC, 
appropriate length and an 
address match in the current 
mode. 



ROEN (Receive byte output 
enable, low active input) 

3-state enable for the ten data 
bits above. This allows multi- 
plexing the receive data port 
with the transmit and control 
ports in low cost systems. 



RRDY (Receive byte ready, 
output) 

Indicates that a byte Is available 
at the output of the asy nc Fl FO. 

RSTB (Receive byte strobe, 
positive edge trigger input) 

Strobes the receive data out of 
the async FIFO to the host 
system. 

RDIS (Receive packet discard, 
output) 

Indicates that the bytes 
received so far should be 
discarded because of bad 
address, bad length or bad 
CRC. This signal and the 
REOF output are mutually 
exclusive. 

Physical Link Group 

RCKN (Receive data clock, 
negative edge trigger input) 

This signal Is generated by the 
Ethernet Encoder/Decoder 
(EED) MB502A. It is a strobe 
frequency source for the 
receive bit clock and is used 
to strobe RXD. 

RXD (Receive serial data, 
input) 

Decoded data from the 
MB502A EED. 

TCKN (Transmit data clock, 
negative edge trigger input) 

Generated by the MB502A 
EED as a strobe frequency 
source for the transmit bit 
clock. 

TEN (Transmit encode enable, 

output) 

High true enable for 

Manchester encoding. This 

signal Is strobed and stable at 

the same time as TXD. 

TXD (Transmit serial data, 
output) 

Serial data to be encoded 
onto the Ethernet Coax. Gated 
by TEN 

XCD (Receive carrier detect, 
input) 

Carrier detect signal of the 
decoder. Used by the receiver 
as data gate and by the 
transmitter as contention 
information. 
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Register Description 

(Continued) 



XCOL (Collision presence, 
input) 

A TTL copy of the Collision 
presence pair of the transceiver 
cable. The idle state Is 
indicated by a logic "1" and 
the collision is indicated by a 
10 MHz square wave. 

LBC (Loopback Control, 
output) 

A copy of a software setable 
latch used to command the 
MB502A EED to operate in 
Loopback mode. 



Misc. Group 

PRST (Packet reset, output) 

Indicates that a complete and 
legal packet of type 0900H 
was received. This is intended 
to be used as a remote reset 
function. 

PINT (Receive interrupt, 
output) 

A logic "0" indicates the 
receiver interrupt condition 
coincides with its correspond- 
ing mask bit. 



TINT (Transmitter interrupt, 
output) 

Same as RINT for transmitter 
interrupt. 

RST (Reset, low active input) 

TM (Test mode, output) 

A copy of a software loadable 
latch. Intended to control a 
circuit to turn the Transceiver 
power on and off. 



Timing Diagram 
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*Note 1: This period could be as great as ^V2 byte times. 
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Timing Diagram 

(Continued) 



Transmit Good Packet (2) 



TPOK 
(OUT) 



TRET 
(OUT) 



TEM 
(OUT) 



TSTB 
(IN) 



"V 



y-\ 



TD0~7, TPAR 
(IN) 



TEOF 
(IN) 



TEN 
(OUT) 



TXD 
(IN) 



TCKN 
(IN) 



XCD 
(IN) 



XCOL 
(IN) 



liiiiil(ZDi 



xxyyvvvyyyin^xyyvvv^^xvxv roTX 



-5^ 



-Sf- 



-5S- 




-«V- 



"V 



r4Sn 



-«v- 



-«S- 



-iV- 



AAA. 



-iV- 



-sv- 



-ss- 



BYTE 
" n-2 " 



CRC 
" 



_CRC 

3.2/^860 



*Note 1: Must be less than « 5.0// sec. to guarantee minimum pacl<et spacing. 
*Note 2: This could be y2-2V& byte times. 
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Timing Diagram 

(Continued) 

Transmit Collision— First Fifteen Collisions only 




TXD 
(OUT) 



TCKN 
(IN) 



XCD 

(IN) 



XCOL 
(IN) 



X2Z22J27 



J\I\Pif\I\ 



PREAMBLE, _ 

DATA OR CRC 



""vaaAaaaaaaaaaa*^ 



» l< PREAMBLE 



TRANSMIT 16TH COLLISION, PARITY ERROR, UNDERFLOW ERROR 

• SOLID LINES INDICATE 16TH COLLISION. 

• DOTTED LINES INDICATE PARITY ERROR OR UNDERFLOW ERROR. 



*Note 1: Must be less than *« 5.0 yw sec. to guarantee minimum backoff time. 
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Timing Diagram 

(Continued) 

Transmit 16th Collision, Parity Error, Underflow Error 

• Solid lines indicate 16th collision. 

• Dotted lines indicate parity error or underflow error. 
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TSTB 
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STROBES BYTES AT NORMAL 
RATE UNTIL EOF IS STROBED. 
IF THE UNDERFLOW CONTINUES, 
THE SAMPLING WILL STILL 
CONTINUE UNTIL A VALID EOF 
IS LOADED. 
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NEXT PACKET IF READY IMMEDIATELY 
AFTER EOF STROBED AND TPOK. 
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Receive 
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RXD 
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RRDY 
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(IN) 



RD0~7, RPAR 
(OUT) 

REOF 
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Timing Diagram 

(Continued) 



Receive— Address Mismatch, Overflow Error, CRC Error, Pacicet Length Error 



ALLOWED EXCESS BITS 



XCD 

(IN) 



RXD 
(IN) 



RCKN 
(IN) 



RDIS 
(OUT) 



RRDY 
(OUT) 



RD0~7,RPAR 
(OUT) 



REOF 
(OUT) 
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Typical Application 
Circuit for MB8795B 
and MB502A 
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Package Dimensions 

Dimensions in inches 
(millimeters) 



64-LEAD CERAMIC (METAL SEAL) PIN GRID ARRAY PACKAGE 
(CASE No.: PGA-64C-A02) 



■050(1 .27) TYPDIA 



■718(18.24)50 
TYP 

1.020(25.91) 






/ 


















4 




o 


o 


o 


o 


o 


o 


o 


® 


o 


o 








o 





o 


o 


o 


o 





o 

















o 


o 

















o 


o 





o 














o 


o 


o 


o 














o 


o 





o 














o 


o 




















o 








o 


o 


o 


o 





o 








o 


® 


o 


o 





o 


o 


o 


o 





® 



FUJITSU 



5-44 



Section 6 




Signal 
Processors 
and Peripherals 
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MB8764 


6-21 


MB87064 


6-33 


MB87067 


6-33 


MB87068 


6-38 


MB87069 



General Purpose Digital Signal Processor 
Digital Signal Processor 
ADPCM Digital Signal Processor 
ADPCM Digital Signal Processor 
Serial interface Adapter 
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GENERAL PURPOSE 
DIGITAL SIGNAL 
PROCESSOR 




December 1 985 
Edition 2.0 



GENERAL PURPOSE DIGITAL SIGNAL PROCESSOR 

The Fujitsu MB 8764 is a general purpose silicon-gate CMOS digital signal 
processor (DSP) integrated circuit. The MB 8764 features a high-speed 
pipelined multiplier, supports concurrent operations with compound instruc- 
tions and multiple data paths, offers flexible and expandable memory options 
and has an on-chip DMA channel. 

With its high-speed operation, the MB 8764 gives high throughput in various 
applications, such as telecommunications, signal processing and image proces- 
sing. 

Being packaged in the 88-pin pin grid array, the MB 8764 allows a complex 
system to be built with the external program ROM and data RAM accessed 
through dedicated address and data buses. 



• General purpose high-speed digital signal processing 

• High speed operation 

• 100ns cycle time 

• Parallel pipelined multiply function 

• 16 bitsx 16 bits-»26bits 

• Divide function 

• 26 bits^ 16 bits^16 bits 

• Program ROM 

• 1 024 words x 24 bits 

• Internal (mask-programmed) and external ROM selectable 

• Part of the program ROM can be used for constant data storage 

• Two built-in 128 x 16 bits RAMs 

• Expansion RAM function 
Expandable up to 1024 words x 16 bits 
Two access speed rates can be selected 

Numerous I/O functions 

16-bit parallel interface 

Three input modes and two output modes including DMA 
Powerful instruction set using compound instructions 

One level of subroutine nesting (multi-level nesting can be programmed) 

Two levels of loop nesting (multi-level nesting can be programmed) 

Compound instructions (for example, an arithmetic/logic instruction 

combined with a move instruction) enable concurrent processing 

15 arithmetic/logic instructions 
Addressing 

Direct addressing 

Indexed addressing 

Immediate addressing 

Virtual shift addressing 
Silicon-gate CMOS process 

Single 5 volt power supply, TTL I/O interface (except pins for clock signals) 
88-pin space-saving pin grid array package 
Support tool, including cross-assembly software and evaluation board 




CERAMIC PACKAGE 
RIT-88C-A01 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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Fig. 1 - BLOCK DIAGRAM 
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FUNCTION OF BLOCK 



Function 



Clock generator 



Sequence 
control block 



This block generates a cycle clock (03) used for internal operations. The clock pulses can be generated by supplying 
a clock signal from an external circuit through external pins CK1 and CK2, or by a crystal resonator and capacitors 
connected to CK1 and CK2. The master clock (MCLK) obtained by either of the above two methods has the same 
frequency as that of the CK1/CK2 clock and generates a cycle clock 03 having the frequency of the machine cycle 
(which is half the MCLK frequency). All internal operations are timed by the cycle clock 03. 

This block controls the DSP instruction execution sequence. The program counter (PC) is reset to address by the 
RST pulse, and is incremented by 1 at each leading edge of 03 after RST is turned off. The PC output is connected 
to the address input of the internal microinstruction ROM (I ROM) via the ROM pointer (DPR), and the ROM data 
is read out sequentially according to the PC value. 

The DPR value is also output through PA9 to PAO to the outside to permit access to an external ROM (EROM). Data 
from the EROM is input to the MB 8764 through P23 to PO. At any given time, either the IROM or EROM can be 
used, and the choice is controlled by the IRM input. The IROM is a mask ROM with a capacity of 1,024 words x 24 
bits. The ROM that has the same organization can be used for the EROM. The IROM and EROM are functionally 
identical. The ROM output data is transferred to the instruction register IRO at the beginning of a cycle (that is, at 
the leading edge of 03), moved to the instruction register IR1 at the beginning of the following cycle, then decoded 
and executed. 

To perform a branch instruction, address can be loaded into PC through IRO and the IBUS, and the PC value can be 
saved in RAM or in another register through the IBUS. PCS is single PC stack used for subroutine execution. Two loop 
counters, CO and CI , are provided to facilitate the handling of loops. 

This block also has a cycle counter (CYC) that controls execution of multi-cycle instructions. This counter automati- 
cally stops incrementing PC during execution of a multi-cycle instruction. 
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FUNCTION OF BLOCK (Cont'd) 



Function 



Address 

calculation 

block 



Arithmetic and 
logic block 



I/O interface 



Instruction codes fetched from the instruction ROM and transferred to instruction registers IRO and IR1 at the begin- 
ning of each cycle are moved to the look-ahead decoder (LAD) and decoder (DEC), respectively, then interpreted and 
executed. Execution of an instruction (the execution cycle) usually takes place while the instruction is stored in IR1. 
The DEC output controls the enable lines of the registers required for execution. 

Before an instruction is executed, LAD controls calculation of the effective address in RAM, interprets operations to 
be performed in the arithmetic and logic block, and decodes the number of cycles required for the instruction. The 
number of cycles required for an instruction is the number of machine cycles during which the instruction is stored 
in IR1. 

This block calculates the effective (execution) address in RAM (IRAM/ERAM) or ROM (table ROM). 

The address calculation block consists of index registers X and Y, stacks XS and YS for index registers X and Y, a 
7-bit adder (AD1 ), an 8-bit adder (AD2), the virtual shift pointer (VP), and the virtual shift mode register (VS). 

An effective address is calculated in the LAD cycle, and the result is used as the execution address in the following 
execution cycle. An address in the table ROM is first calculated in AD1, then used to read table data through the 
table address register (TBA) and ROM pointer (DPR). 

To access I RAM by an instruction having one address, the effective address is first calculated in AD2, then the result 
is used to access I RAM through the RAM pointer (DPS). To access I RAM by an instruction having two addresses, the 
effective address in ARAM is calculated in AD1, the effective address in BR AM is calculated in AD2, and the results 
are used to access ARAM and BRAM through DPA and DPB. 

An address in ERAM is calculated by AD2 and the result is used to access ERAM through the ERAM pointer (DPE). 

Note that the table ROM is accessed by adding the value of page register PGT as the MSB element of the address, and 
the ROM data (16-bit) is output to I BUS through TBD. ERAM is accessed by adding the value of page register PGM as 
the MSB element of the address. 

This device has two 128-word x 16-bit RAM areas called ARAM and BRAM. ARAM and BRAM can be used as two 
independent RAMs, or as a single RAM (IRAM) having a continuous address space. If the internal RAM is not suffi- 
cient, an external RAM (ERAM) can be connected to the chip. The ERAM can be used as an extension of BRAM or 
IRAM, but its address space is independent of BRAM or IRAM. 

Arithmetic and logic instructions are executed in this block. Execution of an instruction is timed by the machine cycle. 
This block consists of input registers A and B, an accumulator D that receives the operation result, a multiplier MLT, 
and an arithmetic and logic unit ALU. 

Multiplication is performed by a two-stage parallel multiplier in which MLT and ALU functions are pipelined. 

MLT multiplies the values of A and B unconditionally at each instruction and stores the intermediate results in the 
temporary registers TRO and TR1. The final result of multiplication is obtained by having the ALU add the values 
of TRO and TR1 according to a subsequent multiply instruction. Since the multiplier has a two-stage pipeline structure, 
it takes two cycles to obtain the multiplication result in D after data have been loaded into A and B. 

Operations other than multiplication are performed by the ALU alone, and the result is stored directly in D. 

The arithmetic and logic block also includes operation flags (PL, Ml, ZR, and OV) that can be used to indicate condi- 
tions for conditional branch instructions. Register D has a longer bit length than the internal bus (I BUS), so a control 
register CLP is provided to output clipped data when the D value overflows the I BUS. 

The I/O interface is used to exchange data between the DSP chip and an external circuit. It consists of I/O registers, 
an I/O controller and flags. The I/O controller controls data transfer to/from the external circuit independently of the 
execution of instructions. 

Data can be input from an external circuit through El with or without address information through EIA. There are 
three input modes: the P, D, and A modes. These modes are distinguished by values set by instructions in the mode 
registers ADM and DMM. When data is set in El, the input flag IF is set. In the P mode, the El value is transferred to 
another register or to RAM by the program. In the D or A mode, the El value is transferred to IRAM by cycle stealing. 
In the D mode, DMC is selected as the IRAM address, while in the A mode, EIA is selected. IF is reset when the El 
contents are transferred to another location. 

Data is output to an external circuit through EA and EO. There are two output modes, and they are distinguished by 
the instruction data placed in EA. 

OF is set when data is placed in EA, and is reset when data output to the external circuit is completed. 

The data exchange between the DSP and an external circuit as explained above is performed through I/O control pins 
for synchronization with the external circuit. 

The I/O interface also includes the FO and F1 flags. These are set by external input signals and used for program control 
or synchronization. 
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PIN ASSIGNMENT 





Fig. 2 -PIN ASSIGNMENT 
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Name 


No. 
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PA1 
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EAO 


31 


Di4 


46 


P23 
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EA7 
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PAO 
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47 


P21 
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EA9 
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P20 


18 
19 


EA3 
EA5 


33 
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6 
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FLO 
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81 
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GND 

Vcc 
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23 


Do 
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83 
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Di 
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CK1 


54 
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69 
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84 


GND 
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40 


IRM 


55 
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GND 
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27 
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41 
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PA8 
PA7 


56 
57 


PI 
EA1 


71 
72 


ACT 


86 
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Vcc 
Vcc 


AIF 
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P4 


28 


Ds 


43 


PA5 


58 
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73 


FL1 


88 


GND 
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P2 
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Dll 


44 


PA3 


59 


EA2 


74 


AOF 






15 


PO 
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Di3 


45 


PA2 


60 
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75 


ASL 







No. 


Name 


I/O 


Function 


78 


PA9 


Output 


Program address MSB 


41 


PA8 


Output 


Program address BIT8 


42 


PA7 


Output 


Program address BIT7 


79 


PA6 


Output 


Program address BIT6 


43 


PA5 


Output 


Program address BIT5 


80 


PA4 


Output 


Program address BIT4 


44 


PA3 


Output 


Program address BIT3 


45 


PA2 


Output 


Program address BIT2 


1 


PA1 


Output 


Program address BIT1 


2 


PAO 


Output 


Program address LSB 


46 


P23 


I/O 


Instruction MSB 


3 


P22 


I/O 


Instruction BIT22 


47 


P21 


I/O 


Instruction BIT21 


4 


P20 


I/O 


Instruction BIT20 


5 


P19 


I/O 


Instruction BIT19 


48 


P18 


I/O 


Instruction BIT18 


6 


P17 


I/O 


Instruction BIT17 


49 


P16 


I/O 


Instruction BIT16 


50 


P15 


I/O 


Instruction BIT15 


7 


P14 


I/O 


Instruction BIT14 


51 


P13 


I/O 


Instruction BIT13 


8 


P12 


I/O 


Instruption BIT12 


9 


P11 


I/O 


Instruction BIT1 1 


52 


PIO 


I/O 


Instruction BIT10 


10 


P9 


I/O 


Instruction BIT9 


53 


P8 


I/O 


Instruction BIT8 


11 


P7 


I/O 


Instruction BIT7 


54 


P6 


I/O 


Instruction BIT6 


12 


P5 


I/O 


Instruction BIT5 


13 


P4 


I/O 


Instruction BIT4 



No. 


Name 


I/O 


Function 


55 


P3 


I/O 


Instruction BIT3 


14 


P2 


I/O 


Instruction BIT2 


56 


PI 


I/O 


Instruction BIT1 


15 


PO 


I/O 


Instruction LSB 


39 


CK1 


Input 


Master clock input pin 1 


76 


CK2 


Input 


Master clock input pin 2 


35 


RST 


Input 


Initialization 


40 


IRM 


Input 


Internal/external ROM 
switching 


77 


TST 


Input 


Internal ROM test mode 


62 


EA9 


Output 


Expansion RAM 
address MSB 


21 


EA8 


Output 


Expansion RAM 
address BIT8 


61 


EA7 


Output 


Expansion RAM 
address BIT7 


20 


EA6 


Output 


Expansion RAM 
address BIT6 


19 


EA5 


Output 


Expansion RAM 
address BIT5 


60 


EA4 


Output 


Expansion RAM 
address BIT4 


18 


EA3 


Output 


Expansion RAM 
address BIT3 


59 


EA2 


Output 


Expansion RAM 
address BIT2 


57 


EA1 


Output 


Expansion RAM 
address BIT1 


16 


EAO 


Output 


Expansion RAM 
address LSB 


70 


D15 


I/O 


Data bus I/O MSB 


31 


D14 


I/O 


Data bus I/O BIT14 



No. 


Name 


I/O Function 


30 


D13 


I/O 


Data bus I/O BIT13 


69 


D12 


I/O 


Data bus I/O BIT12 


29 


D11 


I/O 


Data bus I/O BIT11 


68 


D10 


I/O 


Data bus I/O BIT10 


67 


D9 


I/O 


Data bus I/O BIT9 


28 


D8 


I/O 


Data bus I/O BITS 


66 


D7 


I/O 


Data bus I/O BIT7 


27 


D6 


I/O 


Data bus I/O BIT6 


26 


D5 


I/O 


Data bus I/O BITS 


65 


D4 


I/O 


Data bus I/O BIT4 


25 


'03 


I/O 


Data bus I/O BIT3 


64 


D2 


I/O 


Data bus I/O BIT2 


24 


DI 


I/O 


Data bus I/O BIT1 


23 


DO 


I/O 


Data bus I/O LSB 


34 


RCK 


Input 


Data read clock 


33 


BCT 


Input 


Data bus output enable 


72 


AIF 


Input 


Data input request 


36 


FLO 


Input 


Flag input 


73 


FLI 


Input 


Flag input 


75 


ASL 


Input 


Data output type speci- 
fication in E mode 


37 


WCK 


Output 


Data write clock 


74 


AOF 


Output 


Output data type speci- 
fication in 1 mode 


71 


ACT 


Output 


Input enable 


32 


REQ 


Output 


Data bus request 


22 


EWE 


Output 


ERAM write clock 


63 


ECE 


Output 


ERAM chip enable 


38 


ESS 


Input 


ERAM speed select 
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ABSOLUTE MAXIMUM RATINGS 



*1 



Parameter 


Symbol 


Rating 


Unit 


Min 


Max 


Power supply voltage 


Vcc 


-0.3*2 


7.0 


V 


Input voltage 


V, 


-0.3*2 


Vcc +0.3*2 


V 


Output voltage 


Vo 


-0.3*2 


Vcc +0.3*2 


V 


Operating temperature 


Top 





85 


°C 


Storage temperature 


TSTG 


-55 


150 


°C 



Note: *1 Permanent device damage may occur if the absolute maximum ratings are exceeded. Functional operation should 
be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
*2 This value applies in a steady condition. It may be 0.5 Vina transient condition (for 20 to 30 ns). 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Condition 


Unit 


Min 


Typ 


Max 


Power supply voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Operating temperature 


Top 







85 


°C 



DC CHARACTERISTICS 



(Recommended Operating Conditions unless otherwise 


specified.) 










Parameter 


Symbol 


Condition 


Min 


Typ 


Max 


Unit 


Input high voltage 


V,H 


Other than OKI, CK2 


2.0 




Vcc +0.3 


V 


V|HCK 


CK1,CK2 


4.0 




Vcc +0.3 


V 


Input low voltage 


V,L 


Other than OKI, CK2 


-0.3 




0.8 


V 


ViLCK 


CK1,CK2 


-0.3 




0.6 


V 


Output high voltage 


VOH 


loH = -0.4 mA 


2.7 




Vcc 


V 


Output low voltage 


Vol 


loL = 2 mA 






0.4 


V 


Input leakage current 


Ili 


V| =0 to 5.5 V 


-25 




25 


ma 


Input leakage current 
(Three-state pin input) 


Ilz 


V, =0to5.5 V 


-40 




40 


ma 


Static power supply current 


Ices 






1 




mA 


Power supply current 


Ice 


/op = 8 MHz 




60 




mA 



CAPACITANCE 

(Vcc = V| = V, fM = 8 MHz) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Input pin 


C||sj 






5 


PF 


Output pin 


CoUT 






5 


pF 


I/O pin 


C|/0 






8 


pF 
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AC CHARACTERISTICS 

EXTERNAL CLOCK TIMING 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Cycle time * ^ 


^CYC 


100 






ns 


High voltage pulse width 


tcKH 


20 






ns 


Low voltage pulse width 


tcKL 


20 






ns 



Note: *1 Value when ERAM (extended RAM) is not used. When ERAM is used, follow the specifications for the ERAM 
interface AC characteristics. This note also applies to the following AC characteristics. 



CK1 

(INPUT) 



CK2 
(INPUT) 



Fig. 3 - EXTERNAL CLOCK TIMING DIAGRAM 



-tcKH- 



-tCKL- 



-tCYC/2- 



-tCKL- 



-tCKH- 



J \ I ^ v_ 



^^ / 'i_j \ r 



INTERNAL OSCILLATOR (Crystal oscillator connected) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Cycle time 


tcYC 


100 






ns 


Crystal frequency 


^CYC 




16 


20 


MHz 



RESET INPUT TIMING 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Power-on reset * ■• 


tpRST 




1 




ms 


MCLKsetup*2 


^RSTS 


20 






ns 


MCLKhold *2 


tpSTH 


15 






ns 


Reset input pulse width 


tRSTW 


tcYc +35 






ns 



Note: *1 The time specification for power-on reset applies to the internal oscillation mode. 

In the external clock mode, the reset pulse must be entered so that the leading edge of MCLK (CK2) can be 

produced while RST = 0. 

*2 In the external clock mode, MCLK is considered to be CK2 (the inversion of the clock input from CK2). 
This note also applies to the following AC characteristics. 
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EXTERNAL ROM INTERFACE TIMING 



Parameter 


Symbol 


Condition 


Min 


Typ 


Max 


Unit 


Address output delay (from MCLK pulse) 


tpAD 


Cl = 50pF 




60 


75 


ns 


Address output hold (from MCLK pulse) 


tpAH 


Cl = 50pF 


20 






ns 


Data hold time (to address) 


tpHA 


Cl = 50pF 









ns 


Data setup (before MCLK pulse) 


tps 


Cl = 50pF 


10 


10 




ns 



Fig. 5 -EXTERNAL ROM INTERFACE TIMING DIAGRAM 

IRM = (External ROM mode) 



MCLK 
(CK2) 



03 



PA9 to PAO 
(OUTPUT) 



P23 to PO 
(INPUT) 



^^ I V__7 \ I 



^ ! 



-tCYC- 



A ! 




tpAH 



tPHA 




_tps- 



Note: *tpAc 'S the address access time provided by the specification of the external ROM. 



6-8 



lilllilllllllillllllil 

FUJITSU 

■111 



MB 8764 



FLAG (FLO and FL1) INPUT TIMING 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Setup time 


tpLS 


15 






ns 


Hold time 


tpLH 


30 






ns 


Pulse width* '' 


tpLW 


tcYC+45 






ns 



Note: *1 tpLW (Min) = 2xtcYc+45when ERAM isused with ESS= 1. 








Fig.6- 


FLAG INPUT TIMING DIAGRAM 






> 




/ 


MCLK / \ 

(CK2) / \ 


\ / \ 


r 


^^ 












"* " 


tpLH 
> 


FLOandFLI \ 
(INPUT) 


tpLS 


( 











EXPANSION RAM INTERFACE TIMING (ESS = 0, Read Cycle) 










Parameter 


Symbol 


Condition 


Min 


Typ 


Max 


Unit 


Address output delay 


^EAD 


Cl = 50pF 




50 


60 


ns 


Address output hold 


^EAH 


Cl = 50pF 


10 


13 




ns 


Chip enable output delay 


^CED 


Cl = 50pF 




57 


70 


ns 


Chip enable output hold 


^CEH 


Cl = 50pF 


17 


19 




ns 


Output disable 


tpHZ 


Cl = 50pF 









ns 


Data input setup time 


^ERDS 


Cl = 50pF 


30 


25 




ns 


Data input hold time 


^ERDH 


Cl = 50pF 









ns 



Fig. 7 - EXPANSION RAM INTERFACE TIMING DIAGRAM (ESS = 0, Read Cycle) 



CK2) Y. 



MC 
(' 



y 



03 



EA9 to EAO 
(OUTPUT) 



A 



ECE (OUTPUT) 



D1 5 to DO 
(INPUT) 



\ 



-tcYC- 

r 



V 



y 



\ 



-tEAD- 



yMi 



-tCED- 



^EAH 



V 



•^ERAA*- 



^ 



M 



r 



tDHZ-J 



tERCA** tERDS 

Note: *tERAA 's the address access time provided by the specification of the expansion RAM. 

**t:ERCA 'S the chip select access time provided by the specification of the expansion RAM. 



)- 



tERDH 
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EXPANSION RAM INTERFACE TIMING (ESS = 1, Read Cycle) 



Parameter 


Symbol 


Condition 


Min 


Typ 


Max 


Unit 


Address output delay 


^EAD 


Cl = 50pF 




50 


60 


ns 


Address output hold 


tEAH 


Cl = 50pF 


10 


13 




ns 


Chip enable output delay 


tcED 


C|_ = 50pF 




57 


70 


ns 


Chip enable output hold 


tcEH 


Cl = 50pF 


17 


19 




ns 


Data input setup tinne 


tERDS 


Cl = 50pF 


30 


25 




ns 


Data input hold time 


tERDH 


Cl = 50pF 









ns 



Fig. 8 -EXPANSION RAM INTERFACE TIMING DIAGRAM (ESS = 1, Read Cycle) 



MCLK 
(CK2) 



EA9 to EAO 
(OUTPUT) 



ECE (OUTPUT) 



D1 5 to DO 
(INPUT) 



^EAD 



-tCED- 



V 



-tcYCx2- 



tCEH 



-tERCA* 



-tERAA 



-^ERDS- 



)®CZ 



tEAH 



/ 



tERDH 



Note: *tERAA is the address access time provided by the specification of the expansion RAM. 

**tERCA is the chip select access time provided by the specification of the expansion RAM. 
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EXPANSION RAM INTERFACE TIMING (ESS = 0, Write Cycle) 



Parameter 


Symbol 


Condition 


Min 


Typ 


Max 


Unit 


Address output delay 


^EAD 


Cl = 50pF 




50 


60 


ns 


Address output hold 


^EAH 


Cl = 50pF 


10 


13 




ns 


Address hold (after EWE) 


■ 
twEA 


Cl = 50pF 


5 






ns 


Chip enable output delay 


tcED 


Cl = 50pF 




57 


70 


ns 


Chip enable output hold 


tcEH 


Cl = 50pF 


17 


19 




ns 


Write enable output delay 


twED 


Cl = 50pF 




40 


50 


ns 


Write enable output hold 


twEH 


Cl = 50pF 


5 




35 


ns 


Write enable pulse width 


twEW 


Cl = 50pF 


^CYC 

TO 






ns 


2 


Data output delay 


^DD 


Cl = 50pF + 1TTL 




52 


70 


ns 


Data setup (before EWE) 


tpsw 


Cl = 50pF+ 1TTL 


^CYC 


• 




ns 


2 


Data hold (after EWE) 


■tpHW 


Cl = 50pF + 1TTL 


5 






ns 


Data output active delay 


■^DAC 


Cl = 50pF + 1TTL 




52 


70 


ns 



Fig. 9 -EXPANSION RAM INTERFACE TIMING DIAGRAM (ESS = 0, Write Cycle) 



MCLK 
{CK2) 



03 



EA9 to EAO 
(OUTPUT) 



ECE (OUTPUT) 



EWE (OUTPUT) 



D15to DO 
(OUTPUT) 



V 



-^CED- 



mi 

i 



/ 



tWED 



-HIGH-Z- 



-tCYc/2- 



A 



/ 



V 



/ 



\_ 



^EAH 



V 



— w 



-^DSW- 



-tyVEW- 



fflXZ 

) — 



twEA 



tWEH 



7 



VALID 



P)- 
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EXPANSION RAM INTERFACE TIMING (ESS = 


1, Write Cycle) 










Parameter 


Symbol 


Condition 


Min 


Typ 


Max 


Unit 


Address output delay 


tEAD 


Cl = 50pF 




50 


60 


ns 


Address output hold 


tEAH 


Cl = 50pF 


10 


13 




ns 


Address output hold (after EWE) 


twEA 


Cl = 50pF 




25 




ns 


Chip enable output delay 


tcED 


Cl = 50pF 




57 


70 


ns 


Chip enable output hold 


tcEH 


Cl = 50pF 


17 


19 




ns 


Write enable output delay 


twED 


Cl = 50pF 






50 


ns 


Write enable output hold 


twEH 


Cl = 50pF 


10 




35 


ns 


Write enable pulse width 


twEW 


Cl = 50pF 


tcYc - 40 






ns 


Data output active delay 


^DAC 


Cl = 50pF + 1TTL 




57 


75 


ns 


Data setup (during EWE) 


tosw 


Cl = 50pF + 1TTL 


tcYc-65 






ns 


Data hold (after EWE) 


tpHW 


Cl =50pF + 1TTL 


5 






ns 



Fig. 10 -EXPANSION RAM INTERFACE TIMING DIAGRAM (ESS = 1, Write Cycle) 



MCLK 
(CK2) 



EA9to EAO 
(OUTPUT) 



ECE (OUTPUT) 



EWE (OUTPUT) 



D15to DO 
(OUTPUT) 




-tCED- 



-tcYC X 2- 



tWED 



\ 



tWEH 



/ 



^EAH 



tcEH- 



-twEW- 



-tDSW- 



/ 



y 



— H*WEA 
^DHW 
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P MODE AND D MODE INPUT TIMING 



Parameter 


Symbol 


Condition 


Min 


Typ 


Max 


Unit 


AIF setup 


^AFS 




30 






ns 


AlFhold 


^AFH 




20 






ns 


ATF pulse width * i 


^AFW 




tcYc +50 






ns 


ACT fall delay ^ 


UCT 


Cl = 50pF + 1TTL 






70 


ns 


ACT reset delay 


tACTRD 


Cl = 50pF + 1TTL 






70 


ns 


RCK input enable 


tpCKAC 











ns 


RCK pulse width 


tRCKW 




40 






ns 


RCK enable setup 


^DES 




35 






ns 


RCK enable hold 


toEH 




25 






ns 


Data setup 


^DDS 




25 






ns 


Data hold 


tpDH 




25 






ns 


ACT reset setup 


^ACTRS 




60 






ns 


ACT reset hold 


tACTRH 




10 






ns 



Note: *1 tAFw (Min) =2 x tcvc + 50 when ERAM is used with ESS = 1. 



MCLK 
(CK2) 



03 



AIF (INPUT) 



ACT (OUTPUT) 



RCK (INPUT) 



D15to DO 
(INPUT) 



Fig. 11 -P MODE AND D MODE INPUT TIMING DIAGRAM 



-tCYC- 



\- 



tAFS 



"AJ L 



^AFH 



y 



^ACT 



\^^ — LT 



tACTRH 



-toES- 



-tRCKAC- 



^L_J^ 



-HIGH-Z- 



tRCKW 



-tpDS- 



^ACTRD 



tACTRS 



-^DEH- 



-tpDH- 



V 
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A MODE INPUT TIMING 



Parameter 


Symbol 


Condition 


Min 


Typ 


Max 


Unit 


AIF setup 


Ufs 




30 






ns 


AlFhold 


^AFH 




20 






ns 


ATF pulse width *■" 


^AFW 




tcYC + 50 






ns 


ACT fall delay 


^ACT 


Cl =50pF + 1TTL 






70 


ns 


ACT reset delay 


^ACTRD 


Cl = 50pF+1TTL 






70 


ns 


RCK input enable 


^RCKAC 











ns 


HCK pulse width 


tRCKW 




40 






ns 


RCK enable hold 


^AEH 




25 






ns 


RCK enable setup 


^DES 




35 






ns 


RCK enable hold 


^DEH 




25 






ns 


Address setup 


^ADS 




25 






ns 


Address hold 


^ADH 




25 






ns 


Data setup 


toDS 




25 






ns 


Data hold 


tpDH 




25 






ns 


AC 1 reset setup 


^ACTRS 




60 






ns 


ACT reset hold 


^ACTRH 




10 






ns 



Note: *1 tAFW (Min) = 2 x tcvc + 50 when ERAM is used with ESS = 1. 



Fig. 12 -A MODE INPUT TIMING DIAGRAM 



MCLK 
(CK2) 



03 



J^^u\J'^J-\^u^^J^v^\J^v^\f\rvn^ 



-*CYC- 



~~\JI v./ VfZZ 



•AIF (INPUT) 



ACT (OUTPUT) 



RCK (INPUT) 



D15 to DO 
(INPUT) 



^AFS 



tACT 



tAEH 



-^AFW- 



tRCKAC 



^L 



^RGKW 



■ ( AC 



V-' L' U 



tDES 



tRCKW 



-^U [\-j' 






-tpEH- 



-^ACTRD 



tADS tADH ^DDS 



^ACTRS 

Dh- 



tDDH 
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I MODE OUTPUT TIMING 



Parameter 


Symbol 


Condition 


Min 


Typ 


Max 


Unit 


REQ output delay 


tREQ 


Cl = 50pF + 1TTL 






75 


ns 


AOF output delay 


tAOF 


Cl =50pF + 1TTL 






65 


ns 


BCT level setup 


tsLS 




40 






ns 


BCT level hold 


tBLH 




15 






ns 


BCT level 1 setup 


^BHS 




40 






ns 


BCT level 1 hold 


^BMH 




15 






ns 


BCT level 1 pulse width '^ 


^BHW 




tcYc + 55 






ns 


WCK fall delay 


twCKD 


Cl = 50pF + 1TTL 






65 


ns 


WCK rise delay 


twCKU 


Cl =50pF + 1TTL 






65 


ns 


Address output delay 


^AUD 


Cl =50pF + 1TTL 






85 


ns 


Data output delay 


■^DUD 


Cl = 50pF + 1TTL 






80 


ns 


Data output disable 


■^DDD 


Cl = 50pF + 1TTL 






70 


ns 


Address setup 


tADOS 


Cl = 50pF + 1TTL 


170 






ns 


Address hold 


■tADOH 


Cl =50pF + 1TTL 


65 






ns 


Data setup 


toos 


Cl = 50pF + 1TTL 


170 






ns 


Data hold 


toOH 


Cl =50pF + 1TTL 


65 






ns 



Note: *1 tBHW (Min) = 2 x tcvc + 55 when ERAM is used with ESS = 1. 



Fig. 13- I MODE OUTPUT TIMING DIAGRAM 



tCYC 



MCLK 
(CK2) 



03 

REQ (OUTPUT) 



AOF (OUTPUT) 

^AOF- 
BCT (INPUT) 

WCK (OUTPUT)"" 



D15to DO 
(OUTPUT) 



r-^tREQ 



-tBHH- 



tBLS 



^WCKD-*- 



yw^MMMMAAAAAAMAAAAM^/V\AA/^y■ 



tREQ-^ 



^AOF 



"twCKU" 



"di — v_/ 



ADDR ESS 
— -tADO 



^ADOS 



M 



vnrv~iru~ 

-tREQ 



^BLH- 



tBHS 



' toHW ^ 



-^BLS 



— tDDD 



■\_^ 



^DUD 



^DOS tpoH 
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E MODE OUTPUT TIMING 



Parameter 


Symbol 


Condition 


Min 


r- 

Typ 


Max 


Unit 


REQ output delay 


tpEQ 


Cl = 50pF + 1TTL 






75 


ns 


BCT level setup 


tBLS 




40 






ns 


BCT level hold 


tBLH 




15 






ns 


BCT level 1 setup 


tBHS 




40 






ns 


BCT level 1 hold 


tsHH 




15 






ns 


BCT level 1 pulse width *i 


^BHW 




tcYc +55 






ns 


Output active delay 


^BCA 


Cl = 50pF + 1TTL 






85 


ns 


Address output from fall of ASL 


tpSA 


Cl = 50pF + 1TTL 






85 


ns 


Data output from rise of ASL 


^DSD 


Cl = 50pF + 1TTL 






85 


ns 


Output inactive 


tBCD 


Cl = 50pF + 1TTL 






70 


ns 



Note: *^ tBHW (Min) = 2x tcYC +55 when E RAM is used with ESS= 1. 



Fig. 14 - E MODE OUTPUT TIMING DIAGRAM 



tCYC 



MCLK 
{CK2) 



03 



AmVLVV\AAAAAAAMMAAAAAAAf 

'\'~\^\^-\^\^\r^^\r\'^-^^^^v-^^^ 



REQ (OUTPUT) 



BCT (INPUT) 



ASL (INPUT) 



D15to DO 
(OUTPUT) 



-tREQ 



tSLH 



I 



^DSA 



HtDSD 



—m 

— H U-tBC 



ADDRESS 



-M 



DATA 



-tREQ 



\ 



^BHS 



-tBHW- 






-<s 
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AC CHARACTERISTICS MEASUREMENT CONDITIONS 



Parameter 


Symbol 


Condition 


Power supply voltage 


Vdd 


5 V± 10% 


Ambient temperature 


Ta 


to 85°C 



Fig. 15- AC CHARACTERISTICS MEASUREMENT WAVEFORMS 



j^,^-^^^ \ j'''^~\ 



INPUT 



OUTPUT 



OUTPUT DELAY 



2.2 V 
0.8 V 



X 1.95 V 
0.8 V 



-SETUP- 



1.95 V 5^ 
0.8 Vj \ 



HOLD 



2.2 V 
0.8 V 



OUTPUT HOLD 
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APPLICATION INFORMATION 



Fig. 16- EXAMPLE OF MB 8764 APPLICATION CIRCUIT 
(with 1 K-word External ROM and 1K-word External RAM) 



r 



-!>- 



I 



L— 1>> 



r 



MB 8764 

GND Vcc 

^ pro 

fTT 

CK1 EA9 
EAO 



i£3illlf 



MB7132Y 
(1Kx8) 



-y PC 



m 



JT' 



P16 
P15 



D15 

DO 
ATF 
RCK 
ACT 
REQ 
BCT 
ASL 



PO 

IRM 

TST WCK 

ESS AOF 



CONDITION 

CONTROL 

SIGNALS 



S^ 



X^ 




sz 



JTZZJl 



S2: 



|§ lo <• • 

MBM 2149-45 
(1Kx4) 

I/O4 • • • • I/O1 




. WRITE DATA REQUEST FLAG, AND SIGNAL DISTINGUISHING 
BETWEEN ADDRESSES AND DATA IN INPUT DATA 
DATA READ CLOCK SIGNAL 



■ DATA INPUT ENABLE FLAG 
WRITE DATA REQUEST SIGNAL 

- BUS OUTPUT ENABLE SIGNAL 

SIGNAL DISTINGUISHING BETWEEN 
ADDRESSES AND DATA IN OUTPUT DATA 

- DATA WRITE CLOCK SIGNAL 

SIGNAL DISTINGUISHING BETWEEN 
ADDRESSES AND DATA IN OUTPUT DATA 



6-18 



FUJITSU 

llillil 



MB 8764 



INSTRUCTION SET 

ARITHMETIC AND LOGIC INSTRUCTIONS 



Mnemonic 


Processing performed 


Mnemonic 


Processing performed 


NOP 


No operation 


ABS 


|D| -^D 


ADD 


A + B-^D 


NEG 


-D^D 


MLT 


AxB^D 


SRA 


Shift D right arithmetic -> D 


SUB 


B-A^D 


SLA 


Shift D left arithmetic-^ D 


MSM 


D + AxB->D 


AND 


D n A^D 


MRD 


D-AxB->D 


ORA 


D U A->D 


SUM 


D + A->D 


DIV 


D ^ A^D 


RED 


D-A->D 


GOM 


D-^D 


TRANSFER INSTRUCTIONS 


Mnemonic 


Processing performed 


LTB: (Arithmetic/logic instruction) 


$a,$b 




ROMT -> A, BRAM/ERAM -> B 


LAB: (Arithmetic/logic instruction) 


$a, $b 




ARAM -> A, BRAM/ERAM -> B 


MAB: (Arithmetic/logic instruction) 


$a,$b 




ARAM -^BRAM/ERAM 


MBA: (Arithmetic/logic instruction) 


$a,$b 




BRAM/ERAM^ ARAM 


MOV: (Arithmetic/logic instruction) 


$a, Reg [:Reg. . 


] 


IRAM/ERAM^ Register 


MOV: (Arithmetic/logic instruction) 


#$d, Reg[:Reg 


.] 


Immediate data (d) -^ Register 


MOV: (Arithmetic/logic instruction) 


Reg, Reg [:Reg. 


.] 


Register -^ Register 


LDI: (Arithmetic/logic instruction) 


#$d 




d^A 


LIB: {Arithmetic/logic instruction) 


#$d 




d->A, BRAM-^B 


JUMP INSTRUCTIONS 


Mnemonic 


Processing performed 


JMP: (Arithmetic/logic instruction) 


#$d 




Unconditional jump (d -> PC) 


JOG: (Arithmetic/logic instruction) 


#$d,flag 




Conditional jump (d^PG) 


JOG: (Arithmetic/logic instruction) 


$a, flag 




Conditional jump (IRAM/ERAM -> PC) 


JSR: (Aritiimetic/logic instruction) 


#$d 




Jump to subroutine (PC -^ PCS, d ^ PC) 


RTS: {Arithmetic/logic instruction) 


Return from subroutine 


MISCELLANEOUS INSTRUCTIONS 


Mnemonic 


Processing performed 


GLR: [Reg [:Reg...] ...] 


Clear register 


SET: [Reg[:Reg...] ...] 


Set register 


MXY: (Arithmetic/logic instruction) 


#$di;#sd2 




X + di^X, Y + d2^Y 


LIY: (Arithmetic/logic instruction) 


#$d 




d-^A,BRAM-^B, Y + 1 -> Y 


AVP: (Arithmetic/logic instruction) 


#$d 




VP + d->VP 


LVP: (Arithmetic/logic instruction) 


#$d 




d->VP 


ADY: (Arithmetic/logic instruction) 


Y+YS -> Y 


GXY: (Arithmetic/logic instruction) 


xs->x;ys^y 


SXY: (Arithmetic/logic instruction) 


#$d 




d ^ CI , X ^ XS, Y ^ YS, -^ X, -> Y 


NOP: (Arithmetic/logic instruction) 


No operation 
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PACKAGE DIMENSIONS 



88-LEAD CERAMIC (METAL SEAL) REPEATED QUAD IN-LINE PACKAGE 
(CASE No.: RIT-88C-A01) 



.015(0.38) 



INDEX 
AREA 



1.185(30.10) 
1.215(30.86) 



1.185(30.10) 



.035(0.89) 



1.215(30.86) 



.060(1.52) 
.250(6.35) 



MAX 



.025(0.64) 



DIA 



..040(1. 02)TYP DIA 






'1.100(27.94) 
REF 



:J 



^ ■> 


o 


o 





O o 


o o 


o @ 


o o 


o 


o 


o 


O 


o o 


O 


o o 








o 




o o 


o o 












o o 


o o 












o o 


o o 


o 






PIN1 


o 


o o 


o o 









INDEX 


o 


o O 











\ 


\ 


o o 


o o 










\ 


o o 


o o 








o o 


\. 


o o 


o o 


o 


o 


o 


o o o 


o o 


o 


® o 


o 


e 





o o o 


o o 


o ® 



■090(2.29) 
.110(2.75) 

.120(3.05) 



.150(3.81) 



Dimensions in 
inches (millinneters) 
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April 1986 
Edition 1.0 



DESCRIPTION 

The Fujitsu MB87064 is a general-purpose LSI silicon gate Digital Signal Pro- 
cessor (DSP). The device is fabricated in low-power CMOS and features a 
high-speed pipelined multiplier, supports concurrent operations with compound 
instructions and multiple data paths, and offers flexible and expandable memory 
options. The MB87064 is housed in a 42-pin DIP 

Except for some changes in the instruction set and minor modifications in the 
hardware, the low-cost MB87064 DSP is a functional clone for Fujitsu's full- 
featured MB8764 DSP The low-cost MB87064 is particularly useful in systems 
where the additional features of the MB8764 are simply not required. Since basic 
functions of the two parts are identical, this data sheet describes only those 
differences that affect system design. For complete functional detail pertaining to 
hardware and software, it is recommended that the user obtain data sheets for 
both parts (MB87064and MB8764). If further information regarding Digital Signal 
Processing is desired, the user should request "Support Documentation for the 
MB8764" from the nearest Fujitsu sales office. 

Both the MB87064 and the MB8764 are well suited for applications such as 
telecommunications. Imaging work, and other signal-processing functions that 
require extensive computations and complex analysis. 



9^' 



{SV 



# 



8^*^" 




DIP-42C-A01 



This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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Table 1. Comparison of Features (MB87064 and MB8764) 



Item 


IVIB8764 MB87064 


Hardware 
Architecture 


Common Hardware Architecture 

• Parallel pipelined multiply function 
16 bits X 16 bits -26 bits 

• Divide function 

26 bits -M6 bits -16 bits 


Instruction Set 


MB8764 Instruction Set 


Basically the same as the MB8764 but with few 
modifications 


Operation 
Cycle Time 


100ns 


Package 


PGA88 Ceramics 
LCC84 Ceramic 


DIP42 Ceramic^ 


Program ROM 


Internal (mask-programmable) ROM 
of 1024 words X 24 bits 


External ROM of 1024 words X 24 bits k, r- . . r^r^.. s 

, ^ ^, No External ROM function 
selectable 


Data RAM 


Built-in 2 blocks of 128 words x 16 bits 
Expansion RAM up to 1024 words x 16 bits 


I/O Functions 


16-bit Parallel Interface 


Three Input Modes 
Two Output Modes 


Two Input Modes 

One Output Mode (Brand-new) 


Addressing 


Same Addressing Functions 

• Direct Addressing 

• Immediate Addressing 

• Indexed Addressing 

• Virtual Shift Addressing 


Support Tools 


Common Support Tools 

• Evaluation Board 

• Softwares (Assemblers, Linkers, Software Simulators, Monitor) 

• In-Circuit Emulation Board^ 


Applications 


• Flexible system with external program 
memory 

• Small Volume Production with 
Internal/External ROM 

• System evaluation before Production 


• High Volume Production with Mask ROM 



Notes: 

1. Plastic package is scheduled for the future. 

2. Soon to be available. 
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BLOCK DIAGRAM 




□ 



CONTROL FLAG 
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PIN DESCRIPTIONS 




Pin No. 


Designator 


Function 


Pin No. 


Designator 


Function 






input/Output Pins: 






Output Pins: 


09 


D15 


Data bus Bit 15 (MSB) 


22 


EA9 


Expansion RAM Address MSB 


08 


D14 


Data bus Bit 14 


23 


EA8 


Expansion RAM Address Bit 8 


07 


D13 


Data bus Bit 13 


24 


EA7 


Expansion RAM Address Bit 7 


06 


D12 


Data bus Bit 12 


25 


EA6 


Expansion RAM Address Bit 6 


05 


D11 


Data bus Bit 11 


26 


EA5 


Expansion RAM Address Bit 5 


04 


D10 


Data bus Bit 10 


27 


EA4 


Expansion RAM Address Bit 4 


03 


D9 


Data bus Bit 9 


28 


EA3 


Expansion RAM Address Bit 3 


02 


D8 


Data bus Bit 8 


29 


EA2 


Expansion RAM Address Bit 2 


01 


D7 


Data bus Bit 7 


30 


EA1 


Expansion RAM Address Bit 1 


41 


D6 


Data bus Bit 6 


31 


EAO 


Expansion RAM address LSB 


40 


D5 


Data bus Bit 5 


34 


EWE 


ERAM Write Clock Output 


39 


D4 


Data bus Bit 4 


33 


ECE 


ERAM Chip Enable Output 


38 


D3 


Data bus Bit 3 


11 


CK1 


Master Clock Input Pin 1 


37 


D2 


Data bus Bit 2 


12 


CK2 


Master Clock Input Pin 2 


36 


D1 


Data bus Bit 1 


13 


RST 


Initialization Input 


35 


DO 


Data bus Bit (LSB) 


16 


aFf 


Data Input Request 


10 


GND 


Circuit Ground 


17 


RCK 


Data Read Clock Input 


32 


GND 


Circuit Ground 


18 


ACT 


Data Input Enable Output 


42 


Vcc 


+5V Power Supply 


20 


REQ 


Data Bus Request Output 


21 


Vcc 


+5B Power Supply 


19 


BCT 


Data Bus Output Enable Input 








14 


FLO 


Flag Input 








15 


FL1 


Flag Input 
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PIN MODIFICATIONS 

Based on the pin configuration of the MB8764, the following 
modifications have been made for the MB87064. 

Removal of pins caused by no external ROM: 

PA9~PA0(10pins) 
IRM (1 pin) 
P23 ~ PO (24 pins) 
TST (1 pin) 

Removal of pins caused by reduction/modification of 
input/output mode: 

ASL (1 pin) 
A0F (1 pin) 
WCK (1 pin) 

Removal of pins caused by modification of external RAM 
speed control (hardware -* software): 

ESS(1 pin) 
Removal of unneeded power/ground pins: 
GND (2 pins) 
Vcc (2 pins) 



FUNCTIONAL DESCRIPTION 

Program Memory 

The program for the MB87064 is provided from the internal 
(mask-programmed) ROM with a capacity of 1024 words x 24 
bits. The MB87064 cannot access external ROM. 

Input/Output Modes 
Input Modes 

Two operating modes (D and P) are used to input data from an 
external device to the MB87064. The function and timing 
specification for the two input modes are the same as those in 
the MB8764. The selected input mode is loaded into the mode 
(DMM) register by the program. 

Output Mode 

Only one output mode is provided to transfer data from the 
MB87064 to an external peripheral. The output mode in the 
MB87064 is a modified version of the E mode in the MB8764. 
Output mode timing is shown in the following diagram. 



Output Mode Timing 



"nnrijnrinjnrinriririr- 



t::< 



Note: 

4>3 is the cycle clock that controls internal operations of the DSP. 



Registers/Flags 
Register Omission 

Input address register EIA, output address register EA, unit 
register U, and address mode register ADM are not required in 
the MB87064. 

New Registers and Flags 

ESS Flag. Because the ESS pin has been removed, the 
MB87064 controls ERAM access speed by the ESS flag which, 



in turn, is controlled by the SET/CLR instructions. The low- 
speed mode (ESS = 1 ) is specified by the "SET ESS" instruc- 
tion. It is cleared by the "CLR ESS" instruction and the high- 
speed mode (ESS = 0) is then specified. When the device is 
reset, the high-speed mode is selected by default. 
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Because the ESS pin has been removed, the MB87064 
controls ERAM access speed through the ESS flag. A two 
cycle access is selected by setting the ESS flag (ESS = 1 ). and 
the single cycle access is selected by clearing the ESS flag 
(ESS = 0). 

ESS is cleared upon reset (ESS = 0). 



TRC Register. The TRC register is a 1-bit register used to 
control the truncation of the multiplication result. The TRC 
Register is controlled by the SET/CLR instructions. 

When TRC is set to "1", the multiplication result is truncated 
to 26-bits without rounding. When TRC is set to "0", the result 
is rounded to 26-bits. (Same as the MB8764.) 



When TRC = (Round) 

31 30 29 28 
Ideal 
Solution 





151413 







A 
















B 













L>^ 



5 4 3 2 10 



X X X X 



►discarded 



* Round 



31 


30 


29 28 






5 

















X^ 



ALU 



Sri I ▼ 



25 24 23 22 

When TRC = 1 (Round is omitted) 

31 30 29 28 
Ideal 
Solution 

31 30 29 28 



6 5 4 3 2 10 



X X X X X 



► discarded 



I^ 



ALU 





Sin I 





25 24 23 22 



PCT Register, in the MB8764, even when operating in the 
CLIP mode with the overflow flag set, if two maximum 
negative numbersare multiplied together [(8000H) x (8000H)], 
the resulting output from the D register to I BUS is (OOOOH). 
Also, if positive or negative overflows occur, the resulting 



output may not be the maximum positive or negative values 
[(8000H) or (7FFFH)]. The MB87064 selects the PCT (protect 
mode) to avoid this overflow problem. The protect mode |s 
controlled by the "PCT" flag. The "PCT" flag is set by the "SET 
PCT" instruction and cleared by the "CLR PCT" instruction. 
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The "PCT" flag is also cleared by a reset input. As with the 
MB8764, the normal mode is selected when the "PCT" flag is 
cleared. 

EXA Register. The MB8764 outputs the contents of page 
register PGM and data pointer register DPE to the EA9 ~ EAO 
pins regardless of ERAM access. 

The MB87064 outputs the contents of PGM and DPE when 
ERAM is being accessed and outputs the contents of EXA 
when the I/O bus is being accessed for data transfer to-or-f rom 
an external circuit. 



Input (P Mode/D Mode) 



The contents of EXA Register 

16 bits 



MSB^ 



LSB 



IBUS 



lower 10 bits 



EXA 

Timing Specifications 

When ERAM is accessed: 
Same as MB8764 (input/output) 

When I/O bus is accessed: 
See the following timing diagram: 



EA9~€A0(output) 




The instruction to write to EXA 
while EXA is output is ignored. 



contents of EXA 






Output (New Mode) 



REQ(output) 




EA9~EA0(output) 



D15~D0(output) 



The instruction to write to 

EXA while EXA is output is ignored. 
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Chip Enable Control Output (ECE) 

In the MB8764, ECE is always set to "0" (expansion RAM 
enable state) except when the I/O bus is being accessed for 
data transfer to-or-from an external circuit. In the MB87064, 
ECE is set to "0" only when ERAM is being accessed. This 
modification helps to reduce the power consumption of 
ERAM. 

Hi-Impedance State of EA9 — EAO 

Pins EA9 ~ EAO are placed in the high-impedance state when 



neither ERAM nor I/O bus is accessed. This avoids address 
bus conflicts when multiple DSPs are used. 

Reset Input According to FLO and FL1 Status 

The Reset signal (RST) must be input while FLO and FL1 are 
set to "1 ". The operation of the reset input flag is the same as 
the MB8764. 



INSTRUCTION SET MODIFICATIONS 

The MB87064 has the same instruction set as the MB8764 
except for the following modifications to the SET/CLR and 
MOV instructions. 

SET/CLR Instructions 

According to ADM flag removal, the following instructions are 
removed: 



SET ADM 
GLR ADM 

The following instructions are added: 

SET ESS GLR ESS 
SET TRC GLR TRG 
SET PGT GLR PGT 

Object code of SET instruction 



MSB 



LSB 



1110100000000 

























a b 



c d 



e f g h 



a b c d e f g h 


set register 


10 


DMM 


10 


PCT 


10 


VS 


10 


ESS 


10 


CLP 


10 


TRC 



Object code of CLR instruction 
MSB 



1110 



LSB 



abcdefgh i j k lmn,opqrs 
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• multiple registers can be specified 

• execution cycle: one 

MOV Instruction 

According to the EXA register addition, the destination of EXA 
register is added to the following MOV instruction: 



MOV[:arithmetic/logicoperation]$a(8)[([Y][E])],Reg[:Reg[:...]...] 


machine code 
MSB 


LSB 


1 





- 


— ( 






E 


Y 











a: RAM address c: operation 
t: destination 




t 


destination register 




1 

















EO 







1 














A 










1 











B 













1 








D 
















1 





EXA (lower 10 bits of RAM data) 


— new 
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a 


b 


c 


d 


e 


f 


g 


h 


i 


i 


k 


1 


m 


n 


o 


p 


q 


r 


s 


cleared register 


1 
























































D 





1 





















































FO 








1 


















































F1 











1 















































DMC 














1 












































A 

















1 









































B 




















1 






































X 























1 



































Y 


























1 
































DMM 





























1 





























PCT 
































1 


























IF 



































1 























OF 






































1 




















VS 









































1 

















ESS 












































1 














OV 















































1 











CLP 


















































1 








TRC 



• Two or more destination registers can be selected at once. 
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MOV Instruction (Cont.) 

• An arithmetic/logic operation cannot be performed when the 
destination register is D. 

According to EXA register addition, the processing of "d -* EXA" is 
added. 



MOV #$d,Reg 



machine code 
MSB 



LSB 



1 


1 


1 


1 


t 


1 


d 



t 


processing 


mnemonic 











d — EO 


MOV #$d,EO 








1 


output instruction 


MOV#$d,EA(Note) 





1 





d — D 


MOV #$d,D 





1 


1 


d — B 


MOV #$d,B 


1 





1 


d(lowerten bits) - EXA 


MOV #$d,EXA 



Note: 

Though the EA register does not exist, this instruction does exist in the MB87064 to maintain 
compatibility of output instruction with MB8764. This instruction is only effective as an 
output instruction and the processing of "d— ♦EA" is ignored. 



ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS^ 



Parameter 


Symbol 


Value 


Unit 


Min 


Max 


Power Supply Voltage 


Vcc 


-0.32 


6.0 


V 


Input Voltage 


V, 


-0.32 


Vcc + 0.32 


V 


Output Voltage 


Vo 


-0.32 


Vcc + 0.32 


V 


Operating Temperature 


Top 


-40 


85 


°c 


Storage Temperature 


TsTG 


-55 


150 


°G 



Notes: 

1 . Permanent device damage may occur if the absolute maximum ratings are exce'eded. Functional operation should be restricted to the conditions as detailed in the 
operational sections of this data sheet. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

2. This value applies for a steady-state condition. The incremental voltage can be increased to a value of 0.5V for periods not to exceed 20-to-30 nanoseconds. 

RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Value 


Unit 


Min 


Typ 


Max 


Power Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


V 


Operating Temperature 


Top 


-40 




85 


°C 
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DC CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise specified.) 

Operating Temperature Range = 0°C to 70°C 



Parameter 


Symbol 


Condition 


Value 


Unit 


Min 


Typ 


Max 


Input High Voltage 


V,H 


Other than CK1,CK2 


2.2 




Vcc + 0.3 


V 


V|HCK 


CK1,CK2 


4.0 




Vcc + 0.3 


V 


Input Low Voltage 


V,L 


Other than CK1,CK2 


-0.3 




0.8 


V 


V|LCK 


OKI, CK2 


-0.3 




0.6 


V 


Output High Voltage 


VOH 


Iqh = -0.4mA 


2.7 




Vcc 


V 


Output Low Voltage 


Vol 


Iql = 2mA 







0.4 


V 


Input Leakage Current 


Ili 


V| = to 5.5V 


-10 




10 


^^ 


Input Leakage Current 
(Three-state Pin Input) 


Ilz 


V, = to 5.5V 


-20 




20 


M 


Static Power Supply Current 


•ccs 






10 




M 


Power Supply Current 


Ice 


fop = 8MHz 




50 




mA 



Operating Temperature Range = -40°C to 85°C 



Parameter 


Symbol 


Condition 


Value 


Unit 


Min 


Typ 


Max 


Input High Voltage 


V,H 


Other than OKI, CK2 


2.8 




Vcc + 0.3 


V 


V|HCK 


CK1,CK2 


4.0 




Vcc + 0.3 


V 


Input Low Voltage 


V,L 


OtherthanCK1,CK2 


-0.3 




0.8 


V 


V|LCK 


CK1,CK2 


-0.3 




0.6 


V 


Output High Voltage 


Vqh 


loH = -0.4mA 


2.7 




Vcc 


V 


Output Low Voltage 


Vol 


Iql = 2mA 







0.4 


V 


Input Leakage Current 


Ili 


V, - to 5.5V 


-25 




25 


M 


Input Leakage Current 
(Three-state Pin Input) 


Ilz 


V| = to 5.5V 


-40 




40 


^^ 


Static Power Supply Current 


Ices 






50 




M 


Power Supply Current 


Ice 


fop = 8MHz 




60 




mA 



INPUT/OUTPUT CAPACITANCE 

(Vcc = V| = OV, fop = 8MHz) 



Parameter 


Symbol 


Value 


Unit 


Min 


Typ 


Max 


Input Pin 


C|N 






6 


PF 


Output Pin 


CoUT 






6 


PF 


I/O Pin 


C|/0 






8 


pF 
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Package Dimension 



42-Lead Ceramic Multi 

Dual In-Line Package 

(DIP-42C-A01) 



X 



R. 050(1. 27) 
REF 



INDEX 
AREA 



;> 



O 



2.080(52.83) 



2.120(53.85) 



.578(14.68) 

.605(15.38) 

.590(14.99) 
.610(15.49) 



.012(0.30) 



-.060(1. 52)MAX 



177(4.50)MAX 




2.000(50.80) REF 



040(1.02) 
060(1.52) 



Dimensions in 
inches (millimeters) 
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DESCRIPTION 

The Fujitsu MB87067/MB87068 Digital Signal Processor (DSP) consists of 
two MB8764 DSPs each with an applications-specific program in the internal 
ROM. Together, the MB87067/MB87068 chip set provides all coding/decoding 
functions required to process Adaptive Pulse Code Modulation (ADPCM) 
signals. The MB87067 provides the encoding function and the MB87068 
provides the decoding function. Under direction of the ADPCM programs stored 
in the two devices, the chip set allows the user to implement a CCITT standard 
ADPCM CODEC without any program development work. For complete 
electrical characteristics and functional detail of the MB8764 DSP, the user 
should refer to the current data sheet and, for additional DSP support, contact 
the nearest Sales Office of Fujitsu. 

FEATURES 

• High-performance design based on MB8764 DSP (Same 
electrical and timing specifications.) 

• CCITT Standard ADPCM coding/decoding (Selectable 
ja-law/A-law PCM). 

• MB87067 provides u-law PCM bit-steal function: 7-bit decode 
function and bit-steal receiving function. 

• ADPCM bit-steal function with transmit/receive signaling. 

• TTL interface. 

• Silicon gate CMOS fabrication process. 

• Single 5-volt power supply. 

• 88-pin grid array (PGA) package. 





Ceramic Package 
RIT-88C-A01 



This device contains circuitry to protect the Inputs against 
damage due to high static voltages or electric fields. How/ever, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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PIN ASSIGNMENTS 



DATA BUS INPUT/OUTPUT 



I/O CONTROL 
RESET 



EXPANSION RAM 
SPEED SELECT 
CLOCK 



ROM CONTROL- _ 



PROGRAM 
ADDRESS 



@ @ @ 


@@(g)@(2^(§)@@(g) 


g@ 


o 


@@)@(e)@)@@)@)(g) 


(36) @ 


@) @ 


@ © 


@ @ 




© @ 


HI© 


(87) (g) 

TOP VIEW 


@ © 
© © 


(g) ® 


@ @ 


@) (§) 


© © 


@ @ 


.INDEX PIN 


© © 


© © 


@ @) 


© (81) @ 


© © 


@(g)@(g)(50)(g)(g)(g3) 


© © 


© @ 


©©©(D©®©®0@ 



EXPANSION RAM 
CONTROL 



EXPANSION RAM 
ADDRESS 



INSTRUCTION 



No. 


Name 


No. 


Name 


No. 


Name 


No. 


Name 


No. 


Name 


No. 


Name 


1 


PA1 


16 


EAO 


31 


D14 


46 


P23 


61 


EA7 


76 


CK2 


2 


PAO 


17 


— 


32 


REQ 


47 


P21 


62 


EA9 


77 


TST 


3 


P22 


18 


EA3 


33 


BCT 


48 


P18 


63 


ECE 


78 


PA9 


4 


P20 


19 


EA5 


34 


RCK 


49 


P16 


64 


D2 


79 


PA6 


5 


P19 


20 


EA6 


35 


RST 


50 


P15 


65 


D4 


80 


PA4 


6 


P17 


21 


EA8 


36 


FLO 


51 


PI 3 


66 


D7 


81 


GND 


7 


P14 


22 


EWE 


37 


WCK 


52 


P10 


67 


D9 


82 


VCC 


8 


P12 


23 


DO 


38 


ESS 


53 


P8 


68 


D10 


83 


VCC 


9 


P11 


24 


D1 


39 


CK1 


54 


P6 


69 


D12 


84 


GND 


10 


P9 


25 


D3 


40 


IRM 


55 


P3 


70 


D15 


85 


GND 


11 


P7 


26 


D5 


41 


PAS 


56 


PI 


71 


ACT 


86 


VCC 


12 


P5 


27 


D6 


42 


PA7 


57 


EA1 


72 


AIF 


87 


VCC 


13 


P4 


28 


D8 


43 


PA5 


58 


— 


73 


FL1 


88 


GND 


14 


P2 


29 


D11 


44 


PA3 


59 


EA2 


74 


AOF 






15 


PO 


30 


D13 


45 


PA2 


60 


EA4 


75 


ASL 







6-34 



Illlilllll 

MB87067 FUJITSU 
MB87068 IIIIIH^^^^^^^ 



PIN DESCRIPTIONS 



Pin No. 


Designator 


Function 


IVIB87067 


MB87068 


70 

S1 

SO 
69 
29 
68 
67 
28 

66 
27 
26 
65 
25 
64 
24 
2S 

S4 

3S 

72 
S7 
74 
71 

62 

36 

7S 

S5 

S9 

76 

40 

77 

75 

38 

22 

63 

32 


D15 

D14 

D1S 

D12 

D11 

D10 

D9 

D8 

D7 
D6 
D5 
D4 
DS 
D2 
D1 
DO 

RCK 

BCT 

AIF 
WOK 
AOF 
ACT 

EA9 

FLO 

FL1 

RST 

CK1 

CK2 

IRM 

TST 

ASL 

ESS 

EWE 

ECE 

REQ 


Data Bus MSB 

Data Bus BIT14 

Data Bus BIT13 
Data Bus BIT12 
Data Bus BIT11 
Data Bus BIT10 
Data Bus BIT9 
Data Bus BITS 

Data Bus BIT7 
Data Bus BITS 
Data Bus BIT5 
Data Bus BIT4 
Data Bus BITS 
Data Bus BIT2 
Data Bus BIT1 
Data Bus LSB 

Data read clock 

Data bus output enable 

Data input request 

Data write clock 

Output data type specification 

Input enable 

Expansion RAM address MSB 

Flag input 

Flag input 

Initialization 

Master clock input pin 1 

Master clock input pin 2 

Internal/External ROM switching 

Internal ROM test mode 

Data output type specification 

ERAM speed select 

ERAM write clock 

ERAM chip enable 

Data bus request 


yu-law/A-law select 


7-bit coding select 


7* 


V* 
7* 
V* 
V* 
V* 
7* 


7* 
7* 
7* 
V* 
7* 
7* 


PCM in/ * 

PCM in/ * 

PCM in/ * 

PCM in/ * 

PCM in/ADPCM out 

PCM in/ADPCM out 

PCM in/ADPCM out 

PCM in/ADPCM out 


* / PCM out 

* / PCM out 

* / PCM out 

* / PCM out 
ADPCM in/ PCM out 
ADPCM in/ PCM out 
ADPCM in/ PCM out 
ADPCM in/ PCM out 




Control signal 






PCM bit steal out 


ADPCM bit steal out 


Signaling input 


Set to "1" 


Signaling on/off 


Reset 


20MHz clock 


20MHz clock 


Set to "1" 


Set to "0" 


Set to "1" 


Set to "0" 


NO 


NC 


NO 



Legend: 

*Unusecl pin 
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APPLICATIONS 



Typical Coding/Decoding Configuration 



D Q 
C Q 



1 



/u-LAW/A-LAW SELECT 
PCM BIT STEAL 



INPUT DATA 
(MB87067:8BIT) 
(MB87068:4BIT) 



J7 



OUTPUT DATA 
(MB87067:4BIT) 
{MB87068:8BIT) 



Legend: 



I -O^—O^ 



CK1 

CK2 VDD 

AIF VSS 

RCK 

iCT 

FLO 

FL1 

EA9 

MB87067/MB87068 



D15 
D14 
D13 
D12 
D11 
D10 



ASL 
TST 



. 20kn pullup 



ADPCM 
BIT STEAL 



BIT STEAL 
SIGNAL OUT 
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FUJITSU MB87067 

IIH^^^^^^^^^^ MB87068 



PACKAGE DIMENSIONS 



88-Lead Ceramic (Metal Seal) 

Repeated Quad in-Line Package 

RIT-88C-A01 

.015(0.38) , 



INDEX 
AREA 



1.185(30.10) 
1.215(30.86) 



1.185(30.10) 



.035(0.89) 



1.215(30.86) 



.060(1.52) 
.250(6.35) 



.025(0.64) 



/.040(1.02)TYP DIA 



:1 



M. 100(27.94) 
REF 




4 o 





o 





O 





@ 


o o 





o 





O o 





o o 


o o 








O 




o 


O 












o o 


O 












o o 


o o 









PIN 1 


o 


o o 


o o 









INDEX 

\ 


o 


o O 













\ 


O 


o o 










V 


O 


O 








O 


\) 


o o 


o o 


o 





o 


o 


o o 


o o 


@ 





o 


o 


o 


O 


o ® 



.090(2.29) 



.110(2.79) 
.120(3.05) 



.150(3.81) 



Dimensions in 
inches (millimeters) 
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SERIAL 
INTERFACE 
ADAPTER (SIA) 



MB87069 



April 1986 
Edition 1.0 



DESCRIPTION 

The Fujitsu MB87069 is a dedicated Serial Interface Adapter (SIA) that provides 
cost-effective interface support between the Fujitsu MB8764 Digital Signal 
Processor (DSP), PCM CODECS, and general purpose microprocessors. Some 
interface examples are shown later in this document. 

FEATURES 

• Supports MB8764 for interface of PCM CODEC and micro- 
processor 

• Serial I/O functions (dual input/output lines) 

• Conversion circuits for //-law/A-law data to linear data and 
vice-versa 

• Interface circuit for microprocessor 

• Software-controlled operations from MB8764 or microprocessor 

• Silicon-gate CMOS process 

• 64-pin Pin Grid Array (PGA) package 




This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 
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MB87069 



PIN ASSIGNMENTS 



28 27 


26 


25 


24 


23 


22 


21 


20 


O O 


O 


O 


O 


O 


O 


O 


O 019 


58 


57 


56 


55 


54 


53 


52 


51 


290 O 


O 


O 


O 


O 


O 


O 


O 018 








GND 








30O59O 














O50O17 


31O60O 














049016 


320610VDD 












048015 






(TOP VIEW) 






330620 












VDD047014 1 


340630 














046013 


350640 






GND 








045012 


360 O 


O 


O 


O 


O 


O 


O 


O 011 


37 


38 


39 


40 


41 


42 


43 


44 


O O 


o 


O 


o 


O 


o 


o 


o o 


1 2 


3 


4 


5 


6 


7 


8 


9 10 



Pin 
No. 


I/O 


Pin 
Name 


Pin 
No. 


I/O 


Pin 
Name 


Pin 
No. 


I/O 


Pin 
Name 


Pin 
No. 


I/O 


Pin 
Name 


1 


Output 


XBCT 


17 


I/O 


CLOB 


33 


Output 


XCK3 


49 


Input 


BSIA 


2 


Output 


XAIF 


18 


I/O 


SYOB 


34 


Output 


XASL 


50 


Output 


SODB 


3 


Input 


XACT 


19 


Input 


BSIB 


35 


Output 


XFLO 


51 


Input 


AD2 


4 


I/O 


D15 


20 


Input 


AD1 


36 


Output 


XRCK 


52 


Input 


XMGE 


5 


I/O 


D12 


21 


Input 


ADO 


37 


Inut 


XREQ 


53 


Input 


XMWE 


6 


I/O 


D11 


22 


I/O 


DB7 


38 


I/O 


D14 


54 


— 


GND 


7 


I/O 


D8 


23 


I/O 


DB6 


39 


I/O 


D13 


55 


I/O 


DB4 


8 


I/O 


D6 


24 


I/O 


DB5 


40 


— 


GND 


56 


I/O 


DB2 


9 


I/O 


D5 


25 


I/O 


DB3 


41 


I/O 


D10 


57 


I/O 


DBO 


10 


I/O 


D3 


26 


I/O 


DB1 


42 


I/O 


D9 


58 


Input 


SIDB 


11 


I/O 


D2 


27 


Output 


XIRQ 


43 


I/O 


D7 


59 


Output 


IBS A 


12 


I/O 


DO 


28 


Output 


IBSB 


44 


I/O 


D4 


60 


Input 


SIDA 


13 


Input 


XEWE 


29 


Input 


SYIB 


45 


I/O 


D1 


61 


— 


VCC 


14 


Input 


EAO 


30 


Input 


CUB 


46 


Input 


XRCE 


62 


Input 


MCLK 


15 


I/O 


SYOA 


31 


Input 


CLIA 


47 


— 


VCC 


63 


Input 


XRST 


16 


I/O 


CLOA 


32 


Input 


SYIA 


48 


Output 


SODA 


64 


Output 


XDRS 
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BLOCK DIAGRAM 



EAO XRCE XASL 
XFLO XEWE XBCT XREQ 

f444-f-M- 




INTERFACE 
PORT 
FOR 
MICRO- 
PROCESSOR 



MCLK XDRS 

XRST XCK3 



BLOCK ANALYSIS 
Registers RA1 and RA2 

These two 8-bit shift registers generate parallel data input from 
serial input port A. Register RA2 is only used for 16-bit inputs; 
the lower 8 bits are stored in RA1 and the upper 8 bits are stored 
in RA2. 

Registers RB1 and RB2 

These two registers perform the same function for serial input 
port B as RA1 and RA2 perform for port A. 

Non-Linear to Linear Converter (NL -* L) 

Converts //-law/A-law data to linear data. 

Registers SA1 and SA2 

When data is received from the MB8764, these registers 
perform a parallel-to-serial conversion and transfer the data to 
serial Input port A. Register SA2 is only used for 1 6-bit data; in 
this case, the lower 8 bits are stored in SA1 and the upper 8 bits 
are stored in SA2. 



Registers SB1 and SB2 

These two registers perform the same function for serialinput 
port B as SA1 and SA2 perform for port A. 

Linear to Non-Linear Converter (L -* NL) 

Converts linear data to /y-law/A-law data. 

Registers IR1 and IR2 

Buffer interface registers for MB8764. 

Registers 0R1 and 0R2 

These two interface registers are used when data is transferred 
from the MB8764 DSP to the microprocessor. 

Registers ST2, ST10, and ST11 

These registers perform handshake interface functions be- 
tween the microprocessor and the SIA. 

Control (CTRL) Register 

This register specifies the operating mode of the SIA. 
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TYPICAL APPLICATIONS 

Interface Between MB8764 (DSP) and MB6021/22 

(CODEC) With MB87069 (SIA) 



D0~15 
EAO 
EWE 
ECE 

aIf 

RCK 
ACT 

REQ 
BCf 



MCLK1 
MCLK2 



MASTER CLOCK (16.384MHz) - 

MB8764 SYSTEM CLOCK -* 

SYSTEM RESET - 



TIMING 
CONTROL (X) 




D0~15 
EAO 
XEWE 
XECE 

XAIF 
XRCK 
XACT 

XREQ 
XBCT 



SYIA 
SI DA 
CLIA 



XCK3 
XRST 



SYOA 
SODA 
CLOA 



a 

■u 



XSYNC 
DOUT 
XCLK 



MB6021 (yu-law) 
MB6022 (A-law) 



GA1 
GA2 



RSYNC 

DIN 

RCLK 



ANALOG 
OUT 



TIMING 
CONTROL (R) 
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Interface Between MB87069 and Microprocessor (MC6800) 



c 



ADDRESS 
DECODER 



^ 
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SYSTEM CONFIGURATIONS 
Echo Canceller 



ANALOG IN 


. 




















MB8764 

#1 


MB8764 

#2 


MB8764 

#3 




. 


1 


1 




CODEC 


MB87069 

#1 


MB87069 

#2 


MB87069 

#3 




ANALOG OUT 






















t 





















Microprocessor 1 


nterface Circuit 








































MB8764 

#1 




MB8764 

#2 




MB8764 

#3 






MICROPROCESSOR 

AND 

PERIPHERALS 






' 




, 




t 






MB87069 

#1 




MB87069 

#2 




MB87069 

#3 








t 






I 


t 




\ 




t 









32 kbpsADPCM CODEC 



ANALOG IN 


, 


CODEC 


- 








MB87069 

#2 






ANALOG OUT 






MB87069 

#1 




FROM LINE 




1 




















TO LINE 
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PACKAGE DIMENSIONS 



64 Lead Ceramic (Metal Seal) 
Repeated Quad In-Line Package 
PGA-64C-A02 



.090(2.29) 



1.27(.050) TYP DIA 



INDEX AREA 



.718(18.24)80 



TYP 
1.020(25.91) 



1.050(26.67) 



1.020(25.91) 
1.050(26.67) 



.210(5.33) 



:t 



.900(22.86) 
REF 



.016(0.41) 



¥ 


o 


o 


o 


o 


o 


o 


o 





® 


o 


o 


o 


o 


o 


o 


o 


o 





o 


o 


o 

















o 


o 


o 














o 


o 


o 


o 














o 


o 


o 


o 














o 


o 


o 


o 

















o 





o 














o 


o 


o 


o 


o 





o 


o 


o 


o 


o 


o 


@ 


o 


o 


o 


o 


o 


o 


o 


o 


® 



.025(0.64) 
.035(0.89) 



.060(1.52) 
.120(3.05) 



.150(3.81) 



Dimensions in 
inches (millimeters) 
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7-2 
7-3 



Procedure 
Flowchart 
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FUJITSU 



ROM Code 
Development 



4-Bit/8-Bit 
Microcomputers 



ROM CODE DEVELOPMENT 

All 4-bit Microcomputers and some 8-blt microcomputers from Fujitsu are available with a mask ROM; 
thus, the Customer can develop a proprietary system that is efficient and very cost-effective. The 
ROM can be submitted in the form of an EPROM or the Customer can submit the device actually used 
to develop the code (MBL8742, MBL8749H, or equivalent). The code submittal must be accompanied 
by a Data Release Form that specifies mask options, package markings, delivery expectations, 
production quantities, and other relevant data. 

The submitted code is processed by Fujitsu and returned to the Customer in the form of an EPROM for 
code verification. Before code submittal, the Customer can choose either of two options. 

Option 1: If there Is absolute certainty that the code is accurate and there will be no changes, the 
Customer can commit the code to production. In this case, Fujitsu will design the mask, 
finalize the package specifications, and produce the part in production quantities. As 
shown in the ROM Code Development Flowchart, the Customer assumes all risks for 
accuracy of code supplied to Fujitsu. 

Option 2: After code verification, the Customer may choose to wait for engineering samples before 
committing the code to production assuring Customer control of production device 
configuration. However, the wait for production parts is extended. 

For simple codes or for those with minor deviations from working samples, a risk order may be 
justified. Likewise, if tried-and-proven codes are being processed by Fujitsu to save time or money, a 
risk order will expedite production. For design prototypes or for systems with complex control 
features, the non-risk order is recommended. 

The Customer should review the following flowchart and become familiar with ROM-code development 
procedures. All required code-development forms are available at Fujitsu Sales Offices or the 
Customer can simply contact the FMI Sales Representative for additional information. 
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FLOWCHART OF ROM CODE DEVELOPMENT 



DEVELOP CODE, 

BURN EPROMS, 

AND SEND DATA TO FMI. 



c 



Option 1 



I 



Option 2 



RISK ORDER 



3 



c 



i 



NON-RISK ORDER 



PROCESS CUSTOWtER^S CODE 

AND RETURN A VERIFICATION 

CODE TO CUSTOMER FOR 

APPROVAL, 



I 



D 



mmmmmmm^mmmmm 



APPROVE VERIFICATION 

CODE AND SIGNOFF 

APPROVAL FORM. 



I 



APPROVE ENGINEERING 

SAMPLES AND SIGNOFF 

APPROVAL FORM. 



MASK DESIGN, FINALIZE 

PACKAGE AND BEGIN 

PRODUCTION, 



I 



I 



MASKDESiC3M. FINALIZE 

PACKAGE AND BEGIN 

PRODUCTION, 



PRODUCE AND DELIVER 
SPECIFIED QUANTITY. 



I 



PBODUCEANDDEUVER 
SPECIFIED QUANTITY. 



Legend: 

□ CUSTOMER RESPONSIBILITY 
H FMI RESPONSIBILITY 
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Section 8 




Quality Assurance 
and Reliability 



8-2 Flowchart 



8-1 



Quality Control at Fujitsu 



Quality control for all Fujitsu products is an integrated process that crosses all lines of the manufacturing 
cycle. The QC process begins with incoming inspection of all raw materials and ends with shipping tests and 
reliability tests following final test of the finished product. Prior to warehousing, Fujitsu products have been 
subjected to the scrutiny of man, machine, and technology and are ready to serve the Customer In the 
designated application. 



QUALITY CONTROL FLOWCHART 



^INSPECTION OF INCOMING MATERIAL 
. WAFER PROCESSING 

DIFFUSION/ION IMPLANTATION 



PHOTOETCHING 

METALLIZATION 

PASSIVATION (INSULATING LAYER FORMATION) 




CHECK ITEMS 
INSPECTION OF WAFERS, 

MASKS, PACKAGES, PIECE "^ V/S* 
PARTS, CHEMICALS, ETC. vS^ 

WAFER SURFACE INSPECTION AND SAMPLE 
TESTS OF THICKNESS, SURFACE RESISTANCE. 
DIFFUSION DEPTH, ELECTRICAL PARAMETERS, AND DOPING. -,^, "/^^ 

WAFER SURFACE AND PATTERN INSPECTION COi 
WAFER SURFACE INSPECTION, MONITOR TEST OF FILM THICKNESS^^ /"O/ #». PROBING TEST 

WAFER SURFACE INSPECTION, MONITOR TEST OF FILM THICKNESS^^ / J WAFER SHIPPING INSPECTION 

TEST OF ELECTRICAL CHARACTERISTICS, STRESS TEST ^/^ ^>^ DICING (CHIP SEPARATION) 

CHIP SELECTION 
WAFER SURFACE AND PATTERN SAMPLING INSPECTION \_^ / / CHIP SHIPPING INSPECTION 

VISUAL AND SURFACE INSPECTION ^^^ "Sw A^^^l'IlPhl...^ ...<, 
'^ '^ ^ DIE BONDING 

_^ ^ WIRE BONDING 

SAMPLE SURFACE INSPECTION \^ -^O/ ""^-CAP VISUAL 

BOND-WETTING AND SURFACE INSPECTION, MONITOR TEST OF PILOT RUN FOR MACHINE CALIBRATION V><fw/S^INSPECTION 

BOND-POSITION AND SURFACE INSPECTION, SAMPLE WIRE BOND STRENGTH TEST, MONITOR TEST OF SAMPLE RUN FOR MACHINE CALIBRATION^ / / INTERNAL 

' ' MERCHANT 

INTERNAL VISUAL INSPECTION ">^ ^S^ INSPECTION 

INTERNAL SAMPLING VISUAL INSPECTION \ 



^SEALING OR MOLDING 

^ AGING (AFTER ENCAPSULATION) 

LEAK TEST (HERMETIC PACKAGE ONLY) 



FINE AND GROSS LEAK TESTS 



EXTERNAL SAMPLING VISUAL INSPECTION 



^ LEAD PLATING 



LEAD TRIM AND CUTTING 
yr\y MARKING 




EXTERNAL SAMPLING VISUAL INSPECTION 



EXTERNAL SAMPLING VISUAL INSPECTION 

^CURING 

^ EXTERNAL VISUAL INSPECTION 

EXTERNAL MECHANICAL INSPECTION 
^BURN-IN (OPTIONAL) 
FINAL TEST 

SHIPPING TESTS 
TEST OF AC/DC CHARACTERISTICS, AND FUNCTIONS ^^^^ ^V^ RELIABILITY TESTS 



EXTERNAL VISUAL INSPECTION 



EXTERNAL SAMPLING VISUAL INSPECTION 



LOT TESTS/PERIODIC 
TESTS 

WAREHOUSING 



ENDURANCE AND ENVIRONMENTAL TESTS \ 



Legend: 

Production process 

1 I Test/ Inspection 

[o] Production process and test/ Inspection 
<Q> QC gate (sampling) 

Note: 

The flow sequence may vary slightly with individual product type. 
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Product Marking 
Ordering Codes 
Office Locations 
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Ordering Information 



Product Marking 

Part Number . 
(See Ordering Codes below) 



Fujitsu Logo 




f MBXXXXX -1 P 
2ZXX YYY 



Date Code 

ZZ year 

XX week number 



Control Code 

(for Fujitsu internal use only) 



Ordering Codes 
IVIB 



XXXXX -1 



I 



p 



Package Code (See Package Codes below) 

Speed Designator (When applicable) 

^-~ Device Type 

Manufacturer Designator 

MB Device type is Fujitsu Internal Number 
MBL Device type is Second Source 

Note: Regarding ordering code, please contact your Fujitsu Sales Office for more information. 



Paclcage Codes 



Ceramic 


Plastic 


Package Type 


Package Code 


Package Type 


Package Code 


LCC (Leaderless 
Chip Carrier) 


cv 


LCC (Leaderless 
Chip Carrier) 


PV 


PGA (Pin Grid Array) 


CR 


PGA (Pin Grid Array) 


PR 


DIP (Side Brazed) 1 


c 


DIP (Dual Inline Package) 


p 


DIP (CERDIP) 2 


z 


Shrink DIP 


PSH 


Shrink DIP 


CSH 


Flat 


PF 


Flat 


CF 









Side Brazed 















CERDIP 




/ 








\ 




/ 




\ 
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Headquarters Locations 



World Headquarters 

Fujitsu Limited 
Furul(awa Sogo BIdg., 6-1 
Marunouclii 2-chrome, Clilyoda-l<u 
Tokyo 100, Japan 
Phone National (03) 216-3211 
International (Int'l Prefix) 
81-3-216-3211 
Telex: 2224361 FT TOR J 

North/South American Headquarters 

Fujitsu iVIicroelectronics, inc. 

3320 Scott Blvd. 

Santa Clara, Ca. 95054-3197 

Phone: (408) 562-1000 

Telex: (910) 338-0190 

FUJITSU SNTA 



European Headquarters 

Fujitsu IS/lilcroeiel<tronilc GmbH 
Arabella Center 9, OQ./A 
Lyoner Strabe 44-48 D-6000 
Frankfurt 71, F.R. Germany 
Phone: 069/66 320 
Telex: 0411 963 



Asian /Pacific Headquarters 

Fujitsu Microelectronics FIVIP 

805 Tsim Sha Tsui Centre 

West Wing 66 

Mody Road, Kowloon 

Hong Kong 

Phone: 852-3-7320100 

Telex: 31959 FUJiS HX 



Sales Office Locations — USA 



HEADQUARTERS 

Fujitsu Microelectronics, Inc. 
3320 Scott Boulevard 
Santa Clara, CA 95054-3197 
(408) 562-1000 
TWX: 910-338-0190 

NORTHERN 

CALIFORNIA 

Fujitsu l^lcrolectronlcs. Inc. 

595 Mlllich Drive 

Suite 210 

Campbell, CA 95008 

(408) 865-5600 

TWX: (910) 590-8003 

SOUTHERN 
CALiFORNiA 

Fujitsu Microelectronics, Inc. 

840 Newport Center Drtlve 

Suite 460 

Nev\/port Beach, CA 92660 

(714) 720-9688 

TWX: (910) 595-1587 



ATLANTA 

Fujitsu Microelectronics, Inc. 
3169 Holcomb Bridge 
Suite 506 

Norcross, GA 30071 
(404) 449-8539 
TWX: (810) 766-4542 

BOSTON 

Fujitsu Microelectronics, Inc. 

57 Wells Avenue 

Newton Centre, MA 02159 

(617) 964-7080 

TWX: (710) 335-7701 



CHICAGO 



Fujitsu Microelectronics 
1501 Woodfleld Road 
Suite 202, South BIdg. IV 
Schaumburg, IL 60195 
(312) 885-1500 
TWX: 910-687-7378 



Inc. 



DALLAS 

Fujitsu Microelectronics, Inc. 
1101 East Arapaho Road 
Suite 225 

Richardson, TX 75081 
(214) 669-1616 
TWX: (910) 867-9434 

IVIiNNEAPOLiS 

Fujitsu Microelectronics, Inc. 
3460 Washington Avenue 
Eagan, MN 55122 
(612) 454-0323 
TELEX: 201-670 

NEW YORK 

Fujitsu Microelectronics, Inc. 

601 Veterans Memorial Highway 

Suite P 

Hauppauage, NY 11788 

(516) 361-6565 

TWX: 510-227-1049 





. 




1. (408) 866-5600 


/ r n 


^HS 




2. (714) 720-9688 




3. (214) 669-1618 




4. (612) 454-0323 


V V 


^x^-^^^^r 




5. (617)964-7080 


v^ 


ry 










^V/-^ 





















m 
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Sales Office Locations - Europe 



France 

Fujitsu Mikroelektronik 

Bureau de Liaison 

Tour Rosny II 

93118 Rosny Sous Bois Cedex 

Phone: (1)48 55 16 46 

Telex: 2 31 684 



Italy 



Fujitsu Microelectronics Italia 

SRL 

Centre Direzionalo Milanofiorl 

Palazzo A2 

1-20090 Assago - Milano 

Phone: 39-2-824-6170 

FAX: 39-2-824-6189 



Netherlands 

Fujitsu Component Europe, 

B.V. 

Rijnkade 19B, 1382 QS, 

Weesp, 

The Netherlands 

Phone: 

31-2940-18748/18914 

Telex: 44-11966 

North Germany 

Fujitsu Mikroelektroritk GmbH 

Lyoner Strasse 44-^8 

Arabella Center 9 .OG/A 

D-6000 Frankfurt-Niederrad 

71 

Phone: (0 69) 6 63 20 

Telex: 4 11 963 

Fax: (0 69) 6 63 21 22 



Scandinavia 

Fujitsu Microelectronics Ltd. 

Industrlgaten 2A, plan 7 

S-112 46 Stockholm 

Sweden 

Phone: 8 786 00 67/68 

Telex: 13411 FNAB 

Fax: 8 53 16 34 



South Germany 

Fujitsu Mikroelektronik GmbH 
Arbeostrasse 5 
D-8057 Eching bei Muenchen 
Phone: (0 89) 3 19 10 15 
Telex: 5 213 905 



United Kingdom 

Fujitsu Microelectronics Ltd. 
Hargrave House 
Belmont Road 
Maidenhead 
Berkshire SL6 6NE 
Phone: (06 28) 7 6100 
Telex: 8 48 955 



Representatives/Distributors — Europe 



Austria 

Atel Electronics 

Eitnergasse 6 

1232 Wien 

Phone: (222) 86 15 31 

Telex: 112 344 

Belgium 

ERIAT SA 
International S.A. 
Rue de Fraisiers 89 
4410 Herstal-Vottem 
Phone: (41)27 42 63 
Telex: 41 782 

Denmark 

Nordisk Elektronik AS 
Transformervej 17 
2370 Herlev 
Phone: (02) 84 20 00 
Telex: 35 200 

Finland 

Qadelius OY 
Kaupintie 18 
00440 Helsinki 
Phone: (80) 5 626644 
Telex: 1 21 274 

OY Comdax AB 
Itaelahderkato 23A 
00210 Helsinki 21 
Phone: (90) 67 02 77 
Telex: 1 25 876 



France 

ERN 

237 rue de Foumy 

Z.A. Buc 

78530 Buc 

Phone: (33)9 56 00 11 

Microram 

6. reu le Corbusler 

Si lie 424 

94583 Rungis Cedex 

Phone: (1) 6 86 81 70 

Telex: 2 06 952 

Germany 

MHV MIcrohalbleiter GmbH 

Jaegerweg 1() 

8012 Ottobrunn 

Phone: (0 89) 6 09 60 68 

Telex: 5 213 807 



Italy 



Konton S.p.a. 
Via G. Fantoli, 16/15 
20138 Milano, Italy 
Phone: (02) 50722174 
Telex: 312288 Kontmi 

Netherlands 

P &T Electronics Int. B.V. 

Esse Baan 77 

P. O. Box 329 

2900 LJ Capelle A/D Ijessel 

Phone: (31) 10 50 14 44 

Telex: 26 096 



Microtronica 

Kaap de Goede Hooplaan II 
3526 AR Utrecht 
Phone: (0 30) 88 00 84 
Telex: 40 744 



Norway 

Odin Electronics AS 
EDV Griegsvei 2 
1472 Fjellhamar 
P.O. Box 72 
Phone: (02) 70 37 30 
Telex: 19 732 



Sweden 

Naxab 

P.O. Box 4115 

17104 Solna 

Phone: (08) 98 51 40 

Telex: 17 912 



Switzerland 

Eljapex AG 
Hardstrasse 72 
5430 Wettingen 
Phone: (0 56) 26 30 52 
Telex: 58 068 



Spain 

Diode 

Edificio Iberia Mart 

Avda. de Brasii 5 

Madrid 20 

Phone: (1)4 55 36 86 

Telex: 42 148 



Litton Precision 
Condes del Val 8 
28030 Madrid 
Phone: (1)250 15 07 
Telex: 44 730 



United Kingdom 

Ambar Components Ltd. 

Rabans Close 

Aylesbury Bucks 

HP 19 3RS 

Phone: (02 96) 3 41 41 



Hawke 

Amotex House 

45 Hawworth Road 

Sunbury 

Midox 

TW 16 SDA 

Phone: 19 79 77 99 

Telex: 9 23 592 
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Representatives - USA (Including North and South America) 



North America 

Alabama 

The Novus Group, Inc. 
14005 Coy's Drive 
Huntsville, AL 35803 
(205) 881-2207 

Arizona 

Thorn Luke Sales 
2940 North 67th Place 
Suite H 

Scottsdale, AZ 85251 
(602) 941-1901 

California 

Harvey King, Inc. 
6393 Nancy Ridge Drive 
San Diego, CA 92121 
(619) 587-9300 

Hi-Tech Rep Connpany 

31332 Via Colinas 

Suite 109 

Westiake Village, CA 91362 

(818) 706-2916 

Hi-Tech Rep Connpany 
1111 El Camino Real 
Suite 104 
Tustin, CA 92680 
(714) 730-9561 

Norcomp, Inc. 

3350 Scott Blvd. 

Suite 24 

Santa Clara, CA 95054 

(408) 727-7707 



Canada 

Great Northern Technology 
3700 Gilnnore Way 
Suite 425 
Burnaby, BC V5G 4M8 

Pipe Thompson Limited 
5468 Dundas Street W. 
Suite 206 

Islington, Ontario IVI9B 6E3 
(416) 236-2355 

Pipe Thompson Limited 
RR2 North Gower 
Ottawa, Ontario KOA 2T0 
(613) 258-4067 

Pipe Thompson Limited 
769 Madeleine Street 
Laval, Quebec H7P 3W6 
(514) 628-1393 

Connecticut 

Contech Sales, Inc. 
70 White Turkey Road 
Suite 8 

Brookfield, CT 06804 
(203) 743-8936 

Florida 

Semtronic Associates, Inc. 
657 Maitland Avenue 
Aitamonte Springs, FL 32701 
(305) 831-8233 



Semtronic Associates, Inc. 
1467 S. Missouri Avenue 
Clearwater, FL 33516 
(813) 461-4675 



Semtronic Associates, Inc. 
3471 N.W. 55th Street 
Ft. Lauderdale, FL 33309 
(305) 731-2484 



Georgia 

The Novus Group, Inc. 
4556 Canda Drive 
Li I burn, GA 30247 
(404) 381-1015 



Iowa 

Electromec Sales 
1500 2nd Avenue 
Suite 205 

Cedar Rapids, lA 52403 
(319) 362-6413 



Idaho 

Cascade Components 
2419 W. State Street 
Suite 10 
Boise, ID 83702 
(208) 343-9886 



Illinois 

Beta Technology 
510 Mitchell Road 
Glendale Heights, IL 60139 
(312) 790-9886 



Indiana 

Fred A. Dorsey and Associ- 
ates 

6525 East 82nd Street 
Suite 112 

Indianapolis, IN 46250 
(317) 842-0060 

Kansas 

Kebco, Inc. 
16047 East Kellog 
Wichita, KS 67230 
(316) 733-1301 

Massachusetts 

Mill-Bern Associates 
120 Cambridge Street 
Suite 8 

Burlington, MA 01803 
(617) 273-1313 

Maryland 

Component Sales 
106 Old Court Road 
Suite 204 

Baltimore, MD 21208 
(301) 484-3647 



Michigan 

AP Associates 
9903 Webber 
P.O. Box 777 
Brighton, Ml 48116 
(313) 229-6550 

Minnesota 

Electromec Sales 
1601 East Highway 13 
Suite 200 

Burnsville, MN 55337 
(612) 894-8200 

Missouri 

Kebco, Inc. 

1810 Craig Road 

Suite 102 

St. Louis, MO 63146 

(314) 576-4111 

North Carolina 

The Novus Group, Inc. 
4234 Bertram Drive 
Raleigh, NC 27604 
(919) 872-3966 

New Jersey 

BGR Associates 
Evesham Commons 
525 Route 73, Ste 100 
Mariton, NJ 08053 
(609) 983-1020 

Technical Applications 

Marketing 

2 Ridgedale Avenue 

Suite 370 

Cedar Knolls, NJ 07927 

(201) 285-9094 

New York 

Quality Components 
116 Fayette Street 
Manilus, NY 13104 
(315) 682-8885 

Quality Components 
3343 Harlem Road 
Buffalo, NY 14225 
(716) 837-5430 

Technical Applications 

Marketing 

1757 Veterans Memorial Hwy 

Suite 408 

South Hauppauge, NY 11722 

(516) 348-0800 

Ohio 

Bear Marketing 
3623 Brecksville Road 
P.O. Box 427 
Richfield, OH 44286 
(216) 659-3131 

Bear Marketing 
1563 E. Dorothy Lane 
Suite 104 

Kettering, OH 45429 
(513) 229-5877 



Oklahoma 

Genzel Sales Associates 
4135 South 100 East Avenue 
Suite 101 
Tulsa, OK 74146 
(918) 622-7744 



Oregon 

L-Squared Limited 
4540 S.W. Hall Blvd 
Beaverton, OR 97005 
(503) 644-8555 



Puerto Rico 

Semtronics Association 
Mereantil Plaza Building 
Suite 816 
Hato Rey, PR 00918 



Texas 

Technical Marketing, inc. 
3320 Wiley Post Road 
Carrol Iton, TX 75006 



Technical Marketing, Inc. 
9027 Northgate Blvd. 
Suite 140 
Austin, TX 78758 

Technical Marketing, Inc. 
2901 Wilcrest Drive 
Suite 139 
Houston, TX 77042 



Utah 

Front Range Marketing 
2520 S. State Street 
Suite 117 

Salt Lake City, UT 84115 
(801 ) 364-6481 



Washington 

L-Squared Limited 
10502 Riviera Place, NE 
Seattle, WA 98125 
(206) 526-0641 



Wisconsin 

Beta Technology 
9401 Beloit Street 
Suite 304C 
Milwaukee, Wl 53227 
(414) 543-6609 



South America 
Brasil 

HI-TECH Industrial Ltd. 
801 Conj. 111-121 Brooklin 
Sao Paulo, Brasil 04571 



Coselbra Industrial Ltda. 

R. Olinda280 

04761 Sao Paulo Brasil SP. 
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Distributors — USA 



Minnesota 

Diplomat Electronics 
14920 28th Ave. N. 
Plymouth, MN 55441 
(612) 559-2500 



Marshall industries 
3800 Annapolis Lane 
Plymouth, MN 55441 
(612) 559-2211 

Time Electronics 
7488 West 78th Street 
Bloomington, MN 55435 
(612) 944-9192 

Missouri 

Time Electronics 
330 Sovereign Court 
St. Louis, MO 63011 
(314) 391-6444 

North Carolina 

Marshall Industries 
5221 North Boulevard 
Raleigh, NC 27604 
(919) 878-9882 

Time Electronics 
9800L Southern Pine Blvd. 
Charlotte, NC 28210 
(704) 522-7600 

New Jersey 

Diplomat Electronics 
490 S. River View Drive 
Totawa, NJ 07512 
(201) 785-1830 

Marshall Industries 
101 Fairfield Road 
Fairfield, NJ 07006 
(201) 882-0320 

Marshall industries 
1021 Gaither Drive 
Mt, Laurel, NJ 08054 
(609) 234-9100 

Milgray 

3002 Greentree Exec. Campus 

Suite B 

Marlton, NJ 08053 

(609) 983-5010 

Vantage Electronics 
23 Sebago Street 
Clifton, NJ 07013 
(201) 777-4100 



New York 

Current Components 
215 Marcus Boulevard 
Hauppauge, NY 11787 
(516) 273-2600 

Diplomat Electronics 
110 Marcus Drive 
Melville, NY 11747 
(516) 454-6400 



Marshall Industries 
129 Brown Street 
Johnson City, NY 13790 
(607) 798-1611 

Marshall Industries 
1280 Scottsville Road 
Rochester, NY 14624 
(716) 235-7620 

Marshall Industries 
275 Oser Ave. 
Hauppauge, NY 11788 
(516) 273-2424 

Mast Distributors 

215 Marcus Blvd. 
Hauppauge, NY 11788 
(516) 273-4422 

Milgray 

71 Schmidt Blvd. 
Farmlngdale, NY 11788 
(516) 420-9800 

Milgray 

57 Monroe Ave. 
Pittsford, NY 14534 
(716) 385-9330 

Rome Electronics 

216 Erie Boulevard, E. 
Rome, NY 13440 
(315) 337-5400 

Vantage Electronics 
356 Veterans Memorial High- 
way 

Commack, NY 11725 
(516) 543-2000 



Ohio 

Marshall Industries 
6212 Executive Blvd. 
Dayton, OH 45424 
(513) 236-8088 



Marshall Industries 
5905B Harper Road 
Solon, OH 44139 
(216) 248-1788 

Milgray 

6155 Roci<side Road 
Cleveland, OH 44131 
(216) 881-8800 

Reptron 

404 E. Wilson Bridge Road 

Suite A 

Worthington, OH 43085 

(614) 436-6675 

Time Electronics 
6175H Shamrock Court 
Dublin, OH 43017 
(614) 761-1100 



OI<iahoma 

Radio Inc. 
1000 South Main 
Tulsa, OK 741 19 
(918) 587-9123 



Oregon 

Marshall Industries 
8230 S.W. Nimbus Avenue 
Beaverton, OR 97005 
(603) 644-5050 

Time Electronics 
16125 SW 72nd Avenue 
Portland, OR 97224 
(503) 684-3780 

Western Mlcrotechnology 
1800 N.W. 169th Place 
Suite B300 
Beaverton, OR 97006 
(503) 629-2082 

Pennsylvania 

Time Electronics 

600 Clark Ave. 

King of Prussia, PA 19406 

(215) 337-0900 

Texas 

Diplomat Electronics 
2201 Denton Drive 
Suite 104 
Austin, TX 78758 
(512) 836-8707 

Diplomat Electronics 
340 Midcourt Road 
Suite 128 

Carrol Iton, TX 75006 
(214) 980-1888 

Marshall Industries 
4025 Chenault 
Carrollton, TX 75006 
(214) 233-5200 

Marshall Industries 
7250 Langtry 
Houston, TX 77040 
(713) 895-9200 

Marshall Industries 
8504 Cross Park Drive 
Austin, TX 78754 
(512) 458-5654 

Milgray 

17060 Dallas Parkway 

Suite 105 

Dallas, TX 75248 

(214) 248-1603 

Time Electronics 
2210 Hatton 
Suite 101 

Carrollton, TX 75006 
(214) 241-7441 

Time Electronics 
10450 Stancliffe Blvd. 
Suite 110 

Houston, TX 77099 
(713) 530-0800 

Utah 

Diplomat Electronics 
3007 South West Temple 
Salt Lake City, UT 84115 
(801) 486-4134 



Marshall Industries 
466 Lawndale Drive 
Suite C 

Salt Lake City, UT 84115 
(801) 485-1551 

Time Electronics 
2446 Progress Drive 
Salt Lake City, UT 84119 
(810) 973-8181 

Washington 

Marshall Industries 
14102 NE21st Street 
Bellevue, WA 98007 
(206) 747-9100 

Time Electronics 
8601 Willows Road 
Redmond, WA 98052 
(206) 882-1600 

Western Mlcrotechnology 
14636 NE 95th Street 
Redmond, WA 98052 
(206) 881-6737 

Wisconsin 

Classic Components 
2925 S. 160th Street 
New Berlin, Wl 53151 
(414) 786-5300 

Marsh Electronics 
1563 S. 101st Street 
Milwaukee, Wl 53214 
(414) 475-6000 

Marshall Industries 
235 North Executive Drive 
Suite 305 

Brookfield, Wl 53005 
(414) 797-7260 



Canada 

Carsten Electronics 

3791 Victoria Park Ave. 

Scarborough, Ontario M1W 

3K6 

(416) 495-7705 

ITT Muiticomponents 
300 North Rivermede Road 
Concord, Ontario 
Canada L4K 2Z4 
(416) 736-1048 

Space Electronics 
5651 Rue Ferrier Street 
Montreal, Quebec H4P 2K5 
(514) 697-8676 

Space Electronics 
3070 Kingsway 
Vancouver, B.C. V5R 5J7 
(604) 438-5545 
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Distributors — USA 



Alabama 

Marshall Industries 
3313 S. Memorial Highway 
Suite 121 

Huntsville, AL 35801 
(205) 881-9235 

Arizona 

Insight Electronics 
1525 W. University Drive 
Suite 105 
Tennpe, A2 85281 
(602) 829-1800 

Marshall Industries 
835 W. 22nd Street 
Tennpe, AZ 85281 
(602) 968-6181 

Western Microtechnology 
7848 E. Redfleld Drive 
Suite 17 

Scottsdale, AZ 85260 
(602) 948-4240 

California 

Image Electronics 
5310 Derry Street 
Suite X 

Agoura, CA 91301 
(818) 707-0911 

image Electronics 
1342 Bell Ave. 
Tustin, CA 92680 
(714) 730-0303 

Insight Electronics 
28035 Dorothy Drive 
Suite 220 

Agoura Hills, CA 91301 
(818) 707-2100 

Insight Electronics 
3505 Cadillac Drive 
Costa Mesa, CA 92626 
(714) 556-6890 

Insight Electronics 
6885 Flanders Drive 
Suite G 

San Diego, CA 92126 
(619) 587-0471 . 

Marshall Industries 
9674 Telstar Ave. 
El Monte, CA 91731 
(818) 442-7204 

Marshall Industries 
336 Los Coches Street 
Milpitas, CA 95035 
(408) 943-4600 

Marshall Industries 
10105 Carroll Canyon Road 
San Diego, CA 92131 
(619) 578-9600 

Marshall Industries 
9710 Desoto Avenue 
Chatsworth, CA 91311 
(818) 407-4100 

Marshall Industries 
The Morgan 
Irvine, CA 92718 
(714) 458-5308 



Marshall Industries 
3039 Kilgore Avenue 
Rancho Cordova, CA 95670 
(916) 635-9700 

Time Electronics 
1339 Moffett Park Drive 
Sunnyvale, CA 94086 
(408) 734-9888 

Time Electronics 
9751 Independence Ave. 
Chatsworth, CA 91311 
(818) 998-7200 

Time Electronics 
2410 E. Cerritos Ave. 
Anaheim, CA 92806 
(714) 937-0911 

Time Electronics 
19210 S. Van Ness Ave. 
Torrance, CA 90501 
(213) 320-0880 

Western Microtechnology 
10040 Bubb Road 
Cupertino, C A 95014 
(408) 725-1660 

Colorado 

Diplomat Electronics 
3974 Youngfieid Street 
Wheatridge, CO 80033 
(303) 422-9229 

Marshall Industries 
12351 N. Grant Road 
Suite A 

Thorton, CO 80241 
(303) 451-8444 

Time Electronics 
7399 S. Tucson Way 
Suite A-7 

Inglewood, CO 801 12 
(303) 799-8851 

Connecticut 

Marshall Industries 

20 Sterling Barnes Park N. 

Wallingford, CT 06492 

(202) 265-3822 

Miigray 

378 Boston Post Road 

Orange, CT 06477 

(203) 795-0711 

Time Electronics 
1701 Milldale Road 
Chesire, CT 06410 
(203) 271-3200 

Florida 

Diplomat Electronics 
1300 N.W. 65th Place 
Ft. Lauderdale, FL 33309 
(305) 974-8700 

Diplomat Electronics 
2120 Calumet Street 
Clearwater, FL 33515 
(813) 443-4514 

Etek Electronics 
1490 NW 79th Avenue 
Miami, FL 33126 
(309)593-1188 



Marshall Industries 
4205 34th Street, SW 
Orlando, FL 32805 
(305) 841-1878 

Marshall Industries 
1101 NW62nd Street 
Suite 360 D 

Ft. Lauderdale, FL 33309 
(305) 928-0661 

Miigray 

1850 Lee Road 

Suite 104 

Winter Park, FL 32789 

(305) 647-5747 

Reptron 

33320 N.W. 53rd Street 

Suite 206 

Ft. Lauderdale, FL 33309 

(305) 735-1112 

Reptron 

13700 McCormick Drive 
Tampa, FL 33624 
(813) 855^656 

Time Electronics 
6610 NW 21st Avenue 
Ft. Lauderdale, FL 33309 
(305) 974-4800 

Time Electronics 
4405 Vineland Road 
Suite CIS 
Orlando, FL 32811 
(305) 841-6565 

Georgia 

Marshall Industries 
4350 J International Blvd. 
Norcross, GA 30093 
(404) 923-5750 

Miigray 

17 Dunwoody Park 
Suite 102 

Atlanta, GA 30338 
(404) 393-9666 

Reptron 

3040 H Business Park Drive 
Norcross, GA 30071 
(404) 446-1300 

Time Electronics 
5555 Oakbrook Parkway 
Suite 535 

Norcross, GA 30093 
(404) 448-4448 

Illinois 

Classic Components 
3336 Commercial Ave. 
Northbrook, IL 60062 
(312) 272-9650 

Marshall industries 
1261 Wiley Road 
Suite F 

Schaumburg, IL 60195 
(312) 490-0155 

Time Electronics 

945 N. Edgewood Drive 

Suite G 

Wood Dale, IL 60191 

(312) 350-0610 



Indiana 

Marshall Industries 
6990 Corporate Drive 
Indianapolis, IN 46278 
(317) 297-0483 

Kansas 

Marshall Industries 
8321 Melrose Drive 
Lenexa, KS 66214 
(913) 492-3121 

Miigray 

6901 W. 63rd Street 
Overland Park, KS 66202 
(913) 236-8800 

New Mexico 

RAM Electronics 
135 Virginia NE. 
Albuquerque, NM 87108 
(505) 262-0888 

Massachusetts 

interface Electronics 
228 South Street 
Hopkinton, MA 01748 
(617) 435-6858 

Marshall Industries 
One Wilshire Road 
Burlington, MA 01803 
(617) 272-8200 

Miigray 

79 Terrace Hail Avenue 
Burlington, MA 01803 
(617) 272-6800 

RC Components 
222 Andover Street 
Wilmington, MA 01887 
(617) 273-1860 

Time Electronics 
10A Centennial Drive 
Peabody, MA 01960 
(617) 532-6200 

Maryland 

Diplomat Electronics 
9150 Rumsey 
Suite A6 

Columbia, MD 21045 
(301) 995-1226 

Marshall Industries 
8445 Helgerman 
Gaithersburg, MD 20877 
(301) 840-9450 

Miigray 

9801 Broken Land Parkway 
Columbia, MD 21045 
(301) 995-6169 

Vantage Electronics 
6925 R. Oakland Mills Road 
Columbia, MD 21045 
(301) 995-0444 



Michigan 



Marshall Industries 
31076 Schoolcraft Road 
Livonia, Mi 48150 
(313) 525-5850 

Reptron 
34403 Glendale 
Livonia, Ml 48150 
(313) 525-2700 
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FUJITSU LIMITED 

Conummkaiims and Electronics 



6>1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 100, Japan 

Phone: National (03) 216-3211 International (Int'l Prefix) 81-3-216-3211 Telex: J22833 Cable: 



'FUJITSULIMITED TOKYO" 



For further information please contact: 
FUJITSU LIMITED 

Semiconductors Marketing: Furukawa Sogo BIdg., 6-1, Marunouchi 2-chonne, Chiyoda-ku, Tokyo 100, Japan 

Phone: National (03) 216-321 1 International (Int'l Prefix) 81-3-216-321 1 Telex: 2224361 FTTOR J 
FUJITSU MICROELECTRONICS, INC.: 

3320 Scott Blvd.. Santa Clara, CA95054-3197, U.S.A. 

Phone:408-562-1000Telex: 910-338-0190 FUJITSU SNTA 
FUJITSU MIKROELEKTRONIK GmbH.: 

Arabella Center 9, OG./A, Lyoner StraBe 44-48 0-6000 Frankfurt 71. F.R. Germany 

Phone: 069/66 320 Telex: 0411 963 
FUJITSU MICROELECTRONICS PACIFIC ASIA LIMITED: 

805 Tsim Sha Tsui Centre, West Wing 66, Kowloon, Hong Kong 
Phone: 3-732-0100 Telex: 31959 FUJIS HX 

O V0007-86ZF 1 Printed In U . S . A . December 1 986 . 



